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THERMOPHYSICAL PROPERTIES OF HELIUM-4 FROM 2 TO 1500 K

WITH PRESSURES TO 1000 ATMOSPHERES"

Robert D. McCarty

Tables of thermophysical properties of helium 4 are presented for temperatures

from 2 to 1500 K for pressures to 1000 atmospheres. The tables include, entropy,

enthalpy, internal energy, density, volume, speed of sound, specific heat, thermal con-

ductivity, viscosity, thermal diffusivity, Prandtl number and the dielectric constant for

62 isobars. Also included in the isobaric tables are quantities of special utility in heat

transfer calculations: OP/dV) , feP/aT) , V(dH/dV) , VOP/&U) , -V( P/oV) ,

1/VOV/3T) .

In addition to the isobaric tables, tables for the saturated vapor and liquid are

given which include all of the above properties, plus the surface tension. Tables for the

PpT of the freezing liquid, PpT of the lambda line, index of refraction and the derived

Joule-Thomson inversion curve are also presented. A computer program to calculate

the various properties is also available. Inquiries should be addressed to the National

Bureau of Standards, Cryogenic Data Center, Boulder, Colorado 80302.

Key Words: Density; dielectric constant; enthalpy; entropy; equation of state; fixed

points; heat transfer coefficients; helium 4; index of refraction; Joule-Thomson

coefficient; lambda line; latent heat; melting point; Prandtl number; specific heats;

speed of sound; surface tension; thermal conductivity; thermal diffusivity; vapor pressure;

viscosity; volume.

* This work carried out at the National Bureau of Standards, supported by NASA-MSC
Contract T-1813A, and DOC/NBS Presidential Initiative Program in Cryogenics for

the Electrical Industry.



1. Introduction

The purpose of this document is to assemble data on many of the properties of

helium commonly used in engineering calculations over as wide a temperature and

pressure range as is practical, and present these properties in a form which is con-

venient to the engineer. All of these properties have been critically evaluated and re-

present the "best values" for that property at this time.

The properties of helium 4 have been of great interest to the scientific and

engineering community for many years. Much of the interest, and consequently the

work, has been in the more spectacular properties of helium II, the superfluid phase.

The properties of the superfluid are not included here except for the PpT of the

boundary where the transition to the superfluid begins.

2. Thermodynamic and Related Properties

2. 1 PVT Surface

The PVT surface described by McCarty (1972) was used to calculate all of the

thermodynamic and related properties. The tables given here are essentially the same

as those found in the referenced document. Figure 1 shows the range of PT covered by

these tables, and table 1 gives estimates of uncertainties in density.

Table 1. Uncertainties in the PVT Data

Temperature Range Pressure Range Uncertainty in Density

Average Maximum

0. 5% ) (except in

1.5% ) critical region)

2 - 20 K 0-2 atm 0. 1%

2 - 20 K 2 - 1000 atm 0. 5%

Critical region T c±5%,p c
±20% 3%

20 - 70 K 0-20 atm 0.5% 1%

20 - 70 K 20 - 1000 atm 1% 2% (no reliable experi-

mental data)

70 - 150 K 0-100 atm 0. 1% 0. 5%

70 - 150 K 100 - 1000 atm . 0.5% 2%

150 - 400 K 0-100 atm 0.05% 0.2%

150 - 400 K 100 - 1000 atm 0.1% 1%

400 - 1500 K - 100 atm 0. 1% 0. 5%

400 - 1500 K 100 - 1000 atm .2% 2%
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2. 2 Derived Thermodynamic Properties

The enthalpy, H, speed of sound, W, entropy, S, and the internal energy, U, were

calculated directly from the equations taken from McCarty (1972) and should be identical

to those of McCarty when the proper unit conversions are applied.

2. 3 Related Properties

A number of parameters such as the specific heat input LV(dH/dV) ] are of use

to the engineer. Several of the more useful quantities of this kind have been tabulated

here for the convenience of the user. These quantities have been derived from the

equation of state in the following manner.

Specific heat input

Energy derivative

> cp[df)/(H) 1V 3V . , y

/ 3P \ v / ap \

^~W)Y
=
—

v 1^7 )v
< 2)

Isothermal bulk modulus

Volume expansivity

1 /3V\ 1 /3P \ , /3P
V VoT / p VST / V9p(If ) ' (If )_

2.4 Heat Capacities

The heat capacities, C , C which appear in this document are taken from

McCarty (1972). Except for the critical region and near the boundaries of phase changes,

the uncertainty of the tabulated specific heats is estimated to be no greater than 5%.

At the critical point, and along the lambda line, the specific heats become

anomalous and no realistic estimates of accuracy may be made.



3. Transport Properties

3. 1 Thermal Conductivity, 300 K and Below

For temperatures below 300 K, the thermal conductivity for helium-4 has been

calculated using the following equations.

X = X
Q
(T) X (p,T) + X

c
(p,T) (5)

where X (T) is the dilute gas contribution, X (p, T) corrects the dilute gas value for

increasing densities and X (p, T) predicts the enhancement in thermal conductivity in the

region near the critical point. The dilute gas contribution, X (T) for this temperature

region has been calculated from

X
o
(T) = e

Z(inT)
(6)

If x = in T, then

Z(T)= -4. 3611622157 + 1 . 92501 592 86 x -0. 52 5441201 65 x
2
+ 0. 090045763885x

3

-0.0054773874708x (7)

where T is in Kelvin and X is in mW/cm-K.
o

The X (p, T) of equation (5) is given by

X y(P ,T) = e(
B (T)p + C < T >

p2)
, (8)

if x = in T, then

B(T) = EXP(4. 7470660612 - 5. 3641468153x + 3. 4639703698x
2

- 1 . 0702455443x
3

+ 0. 1571349306x
4

- 0. 0089214004 7x (9)

and

C(T) = 2.2109006708 + 1 87. 741 74808/T - 1281 . 0947055 /T
2
+ 3645. 239321 6/T

3

- 3986. 6937948/T
4

(10)

3
where T is in Kelvin and p is in g /cm . The X (p, T) of equation (5) is given by

X (p, T) = 0.000649578 AC (p, T) (11)
c p

where the AC is the C at p and T minus the C at p and T = 11.83 K. For T > 11.83 K,
P p P

p > . 12 g/crrr or AC negative, X (p, T) is taken to be zero. The units of C must
P "

be j/mol-K and the resulting units of thermal conductivity are mW/cm-K. There are

no known thermal conductivity measurements for helium-4 in the region of the critical

4



point, and equation (11) is based on values scaled from hydrogen. The other term in

equation (5), the X (T) X v (p,T) term relies heavily on two sources of experimental

data, Golubev and Shpagina (1966) and Kerrisk (1968). These data were used by Roder

(1971) and Arp (1971) to determine equations (7, 9, 10). Figure 2 shows the pressure

and temperature regions covered by these two sources and figures 3 and 4 show typical

differences, including the maximum differences, between the calculated and experimental

conductivities.

3.2 Thermal Conductivity, 300 K and Above

When correlating thermal conductivity data it is common procedure to separate

the equation into additive parts, with the X (T), or dilute gas contribution being a function

of temperature only and X_(p, T), called the excess or dense gas contribution being a

function of density and temperature. For the heavier fluids, the temperature dependence

of X _(p, T) is so slight that it is usually neglected; however for helium this is not the case,

and although equation (5) is multiplicative rather than additive, it does take into account the

temperature dependence of the excess function. Since no experimental data above 300 K

were used in obtaining the various parts of equation (5) it was not used for temperatures

above 300 K. For temperatures greater than 300 K, the thermal conductivity has

been calculated using the following equations

X = \'JT) + X E ( P ,T) (12)

/ 0. 71938V(12.451/T - 295.67/T
2

- 4.1249)\
X'(T) = \l.53220256T )\e ) + C (13)

where T is in Kelvin,X'(T) is in mW/cm-K and C is a constant such that X'(T) from
o o

equation (13) = X (T) from equation (6) at T = 300 K.
o



2.0

0.08 0.16

DENSITY, g/cm 3
0.24

Figure 2. PVT Range of Experimental Data for Thermal
Conductivity.
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In selecting a suitable representation of the dilute gas contribution for tempera-

tures above 300 K, the correlation by Tsederberg, et al. , (1969) was considered but

was not used for two reasons. First, their value at 300 K was in disagreement with our

best estimates by an excessive amount and, second, the X at higher temperatures,

(2000 °C), were not theoretically consistent with the recently measured dilute gas

viscosities, Guevara, et al. , (1969). The representation which was finally selected

(equation 13) is from Maitland and Smith (1971), and was selected because the above

two objections to the equation proposed by Tsederberg, et al. , (1969) were

not present. The original equation from Maitland and Smith (1971) is for the dilute

gas viscosity and has been converted to thermal conductivity by a proportionality constant.

The \„(p, T) of equation (12) is given by

\_(p, T) = X„(p) = X (300) [X (p, 300) - l] (14)
ht -tj o y

evaluated at p and T = 300 K. Thus equation (5) and equation (12) will give identical

results for all p at 300 K.

3.3 Viscosity Below 100 K

For temperatures of 100 K and below the equation

(n T| = Tl' (T) + T\'£ (p,T) d 5
)

was used to calculate the viscosity for helium. If x = Xn (T), then

^
(T j = _ . 135311743/x + 1.00347841 + 1.20654649x - 0. 149564551x 3

+ 0.01252084l6x 3 d 6 )

and

Tl71' (p.T) = p B(T) + P
3 C(T)+ P

3 D(T) < 17 )

/here p is in g/cm3
, and

B(T) = -47. 5295259 /x + 87.6799309 -42.0741589x + 8.33128289x 3
- 0. 589252385x 3

(18)



C(T) = 547.309267/x -904.870586 +431.404928x - 81 . 4504854X 3

+5.37008433y 3
(19)

D(T) = -1684. 39324/x +3331.08630 -l632.19172x + 308. 80441 3x s

- 20.2936367x 3
. (20)

The resulting viscosities are in ug/cm-s. Equations (15-20) are from Steward, et al. (1971)

Steward's work included new measurements from 4 to 20 K at pressures from the dilute

gas region to 10 MN/ms
. Steward reports a standard deviation of .032 in the natural log

of the viscosity in the units of p,g/cm- s. In addition, Steward proposes the possibility of

an uncertainty of ± 8%.

3.4 Viscosity Between 100 and 300 K

Steward included a few points calculated from the Enskog theory (Hanley, et al.
,

1971) when the equations (15-20) were derived. He found this necessary to enable the use

of these equations up to 300 K; however, from 100 to 300 K the dilute gas values of

Steward differ by 2.5% from a recent correlation by Maitland and Smith (1971). Since

Steward reports using calculated dilute gas values and the correlation of Maitland and

Smith is based on experimental data, the dilute gas values of Maitland and Smith were used

for all T > 110. Between 100 and 110 K, a linear average of the dilute gas values of

Steward and Maitland and Smith was used. In the 100 to 110 K temperature range the dense

gas contribution for viscosity was calculated from Steward's equations. The equations for

viscosity between 100 and 300 K are:

T|(p,T) = Ho (T) + Up (p,T) (21)

where
_ .71938 (12. 451/T -295. 67/T s -4.1249) (22)
T] (T) = 19oT e

and

= e
[Tj (T) + T|'E (p,T)l

_ e
[ T] (T) + T1'E (0,T).]

(23)

where p is in g /cm3
, T in Kelvin, and T) is in |ig/cm- s.

3. 5 Viscosities for Temperatures Above 300 K

Since Steward's analysis did not include any dense gas data for temperatures above

300 K, either calculated or experimental, the temperature dependence of ttie excess

function given by equation (23) was frozen at 300K. When equation (23) is fixed at 300 K,

the resulting equation is a function of density alone and gives results similar to the excess

10



function of Tsederberg, et al. , (1969). Therefore, for temperatures above 300 K, the

viscosities were calculated using equations (21-23) except that equation (23) was always

evaluated at p and T = 300 K. The uncertainty of the viscosity for T > 100 K is

estimated to be maximum of ± 10%.

4. Surface Tension

The surface tension for helium-4 has been calculated using the equation

V = Yo ( 1 - T/T
c ) (24)

where y = 0.5308 dyn/cm and T c
= 5.2014 K. The y is based on a least squares

fit of equation (24) to the data of van Urk, et al. , (1925). Since the least squares fit

of equation (24) was performed two sources of experimental data have appeared.

These are Dickson, et al. , (1970), and Devaraj and Hollis-Hallett (1967).

Figure 5 shows that y would not change appreciably if these new data were included in

a refit.

5. Dielectric Constant

The dielectric constant of a fluid may be calculated from the Clausius-Mossotti

equation:

e - 1 1

e + 2 p

= P (25)

where e is the dielectric constant, p is the density, and p is the specific polar izability
,

a property of the substance having dimensions of specific volume. Recent measurements

of the dielectric constant by Kerr and Sherman (1970) indicate that for helium-4 the

-pacific polar izability l^ a weak function of density and that the first density correction is

negative. For the calculations here, the equation:

p = 0. 123396 - 0.0014 p (26)

was used, where p is the specific polar izability in cm3 /g and p is the density in g/cm

The uncertainty of the tabulated values of dielectric constant is estimated to be 0.01%.

11
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6. Index of Refraction

The refractive index of a non-polar fluid depends on the wavelength of the incident

radiation and on the density of the fluid. However, the dependence on wavelength can be

treated independently of the dependence on density. The Cauchy dispersion formula:

r
A

= r(p,A) = ro (p) + Q
1
/A2 + 9 H /A 4

(27)

assuming the equivalence of the Maxwell's relation

e = n% (28)

to

P = r
co (29 >

allows the calculation of r from the polarizability as a function of density and
CO

roc (p) = 0. 123396 -0.0014 p (30)

where p is density in g/cm3
. Equation (30) was then substituted for the first term in

equation (27) and 9, and 8
B

were determined by least squares estimation using

dispersion data from Landolt- Bor nstein (1962). The resulting values were

Q
1
=33701.617944 and 9 P =-12325284955. The specific refraction, r . , isincm3

/g,

density, p, is in g/cm3
, and the wavelength, A, is in A. Values of the index of

refraction n in table 2 have been calculated from equations (27), (30), and (31).

_ na - 1 1
r
A "n 3 + 2 P

'

OH

A comparison between experimental measurements of the index of refraction (Edwards,

1956, 1957, and 1958) and those calculated using equation (31) shows agreement to

better than 0.1%, except with those values from the 1956 reference. Edwards (1956) and

(1958) papers both report values of the index of refraction for the saturated liquid of

helium-4. However, the values in the 1956 paper are about 4% higher than those in the

1958 paper, and the 1956 values are presumed to be in error. Figure 6 shows n as

a function of density for the saturated vapor and saturated liquid conditions. The

points are from Edwards (1957 and 1958).

13



Table 2. Index of Refraction of Saturated Liquid Helium at Three Wavelengths

Temp 4358 A 5462 A 6939 P

K n n n

2.2 1.02881 1.02867 1.02857

2.4 1.02864 1.02849 1.02839

2.6 1.02841 1.02827 1.02817

2.8 1.02814 1.02800 1.02790

3.0 1.02782 1.02768 1.02759

3.2 1.02745 1.02731 1.02722

3.4 1.02703 1.02690 1.02681

3.6 1.02656 1.02643 1.02634

3.8 1.02602 1.02589 1.02580

4.0 1.02541 1. 02528 1.02520

4.2 1.02471 1.02459 1.02450

4.4 1.02389 1.02377 1.02369

4.6 1.02290 1.02278 1.02270

4.8 1.02163 1.02152 1.02145

5.0 1.01986 1.01976 1.01969

14
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7. Thermal Diffusivity

The thermal diffusivity of a fluid is defined as

<* = X/(p Cp ) (32)

where oz is the thermal diffusivity, X is the thermal conductivity, and C is the7
p

specific heat at constant pressure. The tabulations of thermal diffusivity in appendices

D and E have been calculated using the above equation, and p, X, and C p in the tables.

The uncertainty of « is estimated to be 20%, except in the critical region.

8. Prandtl Number

The Prandtl number is frequently used in engineering calculations and is defined

as:

Pr = C Tl / X (33)

where Pr is the Prandtl number, C„ is the specific heat at constant pressure, T) is the

viscosity, and X is the thermal conductivity. The tabulations of the Prandtl number in

appendices D and E have been calculated from equation (33) using values of Tl, X, and C n

from adjacent entries in the tables. Since Pr is a function of both T] and X, the

uncertainty in Pr could be as much as 25%.

9. Joule- Thomson Inversion Curve

The Joule-Thomson coefficient for a fluid is defined as:

J = OT/3P)H . (34)

The locus of points where J = is called the Joule- Thomson inversion curve: see figure

7. The inversion curve as given in table 3 has been calculated usin^ the relationship:

T (oP/oT) = p (dP/ S p )„ (35)
P

*

and the equation of state from McCarty (1972).

16



Table 3. Joule- Thomson Inversion Curve

Temperature

K R

4.5 8.1

5 9.0

6 10.8

7 12.6

8 12.4

9 16.2

10 18.0

12 21.6

14 25.2

16 28.8

18 32.4

20 36.0

22 39.6

24 43.2

26 46.8

28 50.4

30 54.0

32 57.6

34 61.2

36 64.8

38 68.4

40 72.0

42 75.6

43 77.4

Pressure

atm psia

1.821 26.76

3.768 5 5.37

7.266 106.8

10.74 157.8

14.10 207.2

17.31 254.4

20.36 299.2

25.57 375.8

29.29 430.5

32.07 471.3

34.44 506.2

36.18 531.7

37.33 548.6

37.93 557.4

37.98 558.2

37.48 550.8

36.40 535.0

34.71 510.1

32.32 475.0

29.13 428.0

24.89 365.8

19.11 280.8

9.80 144.0

.03 .5

Density

mol/i lb/ft3

30.83 7.703

30.68 7.667

30.03 7.504

29.53 7.378

28.99 7.245

28.43 7.106

27.86 6.962

26.42 6.602

24.72 6.177

23.07 5.764

21.61 5.400

20.20 5.046

18.82 4.703

17.48 4.367

16.15 4.035

14.83 3.705

13.49 3.372

12.13 3.030

10.71 2.675

9.194 2.297

7.527 1.881

5.567 1.391

2.780 .695

.009 .002
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10. The Melting Line

The melting curve for helium may be calculated using the Simon melting equation.

P = -17.80 + 17.31457 T 1,555414 (36)

where P is in kg/cm3 and T is in Kelvin. The constants in equation (36) were reported

by Mills and Grilly (1955), and were based on their experimental data which extended

from the upper lambda point to 30. 77 K where they found the melting pressure to be

3555.6 kg/cm3
. In a later paper (Grilly and Mills, 1959) a separate equation is reported

for temperatures between 1.8 and 5.2 K. This equation is:

P = 33.28 - 44. 156 T + 31.799 T2
- 4.8159 T3 + 0.30313 T 4

(37)

where P is in kg/cm2 and T is in Kelvin. The values in table 4 have been calculated

using equation (37) for T s 5.2 and equation (36) for T > 5.2

Table 4. Melting Line for Helium-4

Temp eratur

e

Pressure Liquid Density

K R atm psia mol/i lb/cu-ft

2.0 3.60 37.25 547.4 46. 18 11.540

2.5 4.50 56. 35 828.2 48.67 12. 162

3.0 5.40 78. 91 1159.6 50.97 12.737

3.5 6. 30 103.83 1525.

9

52. 94 13.229

4.0 7.20 130.49 1917. 7 54.63 13.650

5.0 9.00 188.67 2772.8 57.54 14.378

6.0 10.80 254. 77 3744.

1

60.25 15.055

7.0 12.60 328.47 4827.

1

62.85 15. 704

8.0 14.40 408.27 5999.9 65.30 16.317

9.0 16.20 493.81 7257.

1

67.63 16. 900

10.0 18.00 584.82 85 94.4 69.85 17.455

12.0 21.60 782.21 11495.4 73.91 18.468

14.0 25.20 998.83 14678.8 77.37 19.332

16.0 28.80 1233.37 18125.

7

80.43 20.096

18.0 32.40 1484.81 21820.8 83.34 20.824

20.0 36.00 1752.29 25751.6 86.07 21. 507

22.0 39.60 2035.05 29907.

1

88.67 22. 156

24.0 43.20 2332.48 34278.

1

91. 17 22.780

26.0 46.80 2644. 01 38856.

3

93.60 23.387

28.0 50.40 2969. 14 43634.5 95. 98 23. 983

30.0 54.00 3307.44 48606.2 98.34 24.573
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Table 5. PpT of the Lambda Line

Temperature Pressure Density

K R atm psia g''cm3 lb /ft
3

2. 172 3.910 0.0497 730 0. 1462 9. 127

2. 15 3.87 2.33 34. 24 0. 1506 9.402

2. 10 3.78 6.84 100. 5 0. 1576 9.839

2.05 3.69 10.91 160. 3 0. 1627 10. 16

2.00 3.6 14.68 215. 7 0. 1669 10.42

1. 95 3.51 18.22 267. 8 0. 1705 10.64

1. 90 3.42 21.55 316. 7 0. 1736 10.84

1.85 3.33 24. 70 363. 0. 1763 11.01

1.80 3.24 27.67 406. 6 0. 1788 11.16

1. 763 3. 174 29. 74 437. 1 0. 1804 11.26

11. The Lambda Line

The boundary of the superfluid phase (helium II) of liquid helium-4 is known as

the lambda line. The lambda line begins at 2. 172 K on the saturated liquid line and

continues through the liquid phase to intersect the melting curve at 1.763 K. Table 5

gives the PpT of the lambda line as reported by Kierstead (1967).

12. Summary

The lack of sufficiently accurate experimental data for helium between the

temperatures of 2 and 70 K has hampered the efforts of correlating the PVT surface by

McCarty (1972). This is especially important for the temperature range of 2 - 20 K where

small amounts of accurate data do exist but these data cover very restricted ranges of

temperature and pressure. A single set of self consistent data covering the entire

pressure and temperature range is needed.

The purpose of the previous sections has been to describe where or how the values

were obtained in assembling the various tables and graphs presented here. Most of the

material has been taken from McCarty (1972) and formulas and descriptions given there

have not been repeated here.

In addition, an effort has been made to assign realistic uncertainties in the data

wherever possible. Uncertainty is defined here to be an estimate of accuracy at a 95%

confidence level. These assignments are made in the text of the section or subsection

concerned with that property. Finally, the number of digits in the tables of appendices

D and E should not be taken as an indication of accuracy of the number. The tabulations

are a direct copy of computer printouts where it is often necessary to present more digits

for a property than its accuracy justifies.
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Appendix A. List of Symbols and Units

The calculation of the tables and properties presented here was performed in

many different systems of units, and converted to the units shown below at the very end of

the calculations; therefore the reader is cautioned to pay particular attention to the units

when consulting individual sections of this document. All conversion factors have been

taken from the National Aeronautics and Space Administration Report Number SP-7012

(Mechtly 1964).

R = gas constant, 20.5006 cm3 -atm/g-K

P = pressure, atm

V = specific volume, cm3
/g

T = absolute temperature, K

p = density, g/cm3

C = specific heat at constant pressure, J/g-K
P

C = specific heat at constant volume, J/g-K
v

S = entropy, J/g-K

H = enthalpy, j/g

U = internal energy J /g

W = speed of sound, m/s

(dP/dT) = isochore derivative, atm/K
P

(3P/9p) = isotherm derivative, cm3 -atm/g

9 = specific heat input, J/g

$ = energy derivative, atm-cm3 /J

a = isothermal bulk modulus, atm

= volume expansivity, 1 /K

n = index of refraction, dimensionless

r = specific refraction, cm3
/g

Pr = Prandtl number, dimensionless

p = specific polar izability, cm3
/g

J = Joule- Thomson coefficient, K/atm

\ - thermal conductivity, mW/cm-K

T| = viscosity, g/cm-s

e = dielectric constant, dimensionless

y = surface tension, dyn/cm

A = wavelength, angstrom

oc = thermal diffusivity, cm3 /s
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Appendix B. Fixed Points'
1
'

Critical Point

P
c

= 32. 99 psia (2. 245 atm)

T c = 9.3625 R (5.2014 K)

p c
= 4.348 lbm /ft3 (0.017399 mol/cm3

)

Normal Boiling Point

P = 14. 696 psia (1 atm)

T = 7.604 R (4.224 K)

p = 1.054 1b /ft
3 (0.004220 mol/cm3

)H gas m v '

Pliquid
= 7.802 lbm /ft

3 (0.03122 mol/cm3
)

Lower Lambda Point

P = 0. 730 psia (0. 0497 atm)

T =3. 919 R (2. 177 K)

Pliquid = 9. 127 lbm /ft
3 (0.03653 mol/cm3

)

Upper Lambda Point

P = 437. 1 psia (29. 74 atm)

T =3. 174 R (1. 763 K)

p.. ., = 11.26 lb /ft
3 (0.04507 mol/cm3

)K liquid m

Appendix C. Conversion Factors

Temperature 1.8 R = IK

Pressure 14.6 95 949 psia = 1 atm = 1. 01325 x 105 N/m£

Specific Volume 0.004002013 ft
3 /lbm = 1 cm3 /mol

Internal Energy 0. 107483 BTU/lbm = 1 J/mol

Entropy, Specific Heat 0.0597126 BTU/lbm R = 1 J/mol-K

Thermal Conductivity 0.0578176 BTU/ft-hr-R = 1 mW/cm-K

Viscosity 0.067196897 lbm /ft-s = 1 g/cm-s

Speed of Sound 3. 2808 ft/s = 1 m/s = m/s

Molecular Weight 4.0026**

Surface Tension 0. 5710147 x 10" 5 lbf/in = 1 dyn/cm

(1 dyn = 10
-5 N)

* Fixed Points from McCarty (1972)

** On the C13 = 12.000 scale
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TEMP PRESS

DEC K ATM

* 2.177
• 2.177

.01.969

.01.969

2.20
2.20

.05256

.05256

2.25
2.25

.05916

.05916

2.30
2.30

.06629

.06629

2.35
2.35

.07399

.07399

2.1.0

2.1.0

.08228

.08228

2.1.5

2.1.5

.09120

.09120

2.50
2.50

.1006
,1008

2.55
2.55 0,

.1110
,1110

2.60
2.60 0.

,1219
,1219

2.65
2.65

0,

0,

,1336
,1336

2.70
2.70 0.

,11.60

,11)60

2.75
2.75

0.

0,

.1591
,1591

2.60
2.80

0.

o.

,1730
1730

2.85
2.85

0,

0.

,1878
,1878

2. go
2.90

0.

0.

,2033
,2033

2.95
2.95

0.

0.

2198
,2198

3.00
3.00

0.

0,

,2371
,2371

3.05
3.05

0.

0,

,2553
,2553

3.10
3.10

0.

0.

.271.1.

,271.1.

3.15
3.15

0,

0,

,291.5

,291.5

3.20
3.20

0'

0,

3156
,3156

3.25
3.25

0.

0,

,3376
.3376

3.30
3.30

0.

0.

.3607
,3607

3.35
3.35

0.

0.

,38l>8

381)8

3.1.0

3.1)0

0. 1.100

,1)100

3.1.5

3.1.5
o.

0.

,l>363

,i>363

3.50
3.50

0.

0,

.1.637

,1.637

3.55
3.55 0.

.1.923

.1)923

3.60
3.60

0,

0,

,5220
.5220

3.65
3.65

.5528

.5528

THERMODYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID HELIUM

VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY
CC/G DERIVATIVE DERIVATIVE ENERGY

'* X 100 CC-ATM/G ATM/K J/G J/G J/G-K

0. 06839
8.1.91) 39.8 0.021.6 21.11. 25. *1 11.92

0. 0681.2 1.53.0 1.58 3.21.0 3.276 1.671
8.099 1)0.U 0.0258 21.19 25.51 11.85

0. 06850 i)i>9.0 1.81 3.388 3.429 1.738
7.327 l>0.5 0.0285 21.32 25.71 11.71

0. 06860 1.1)5.0 2.02 3.521 3.567 1.796
6.651) 1*1.0 0.0315 21.1)1) 25.91 11.57

0.06870 >i)1.0 2.20 3.64* 3.695 1.849
6. 062 1)1.5 0.031.6 21.56 26.11 11.45

0.06882 i>36.0 2.37 3.758 3.816 1.898
5.51.0 1.1.9 0.0379 21.68 26.30 11.32

0.06891. 1)31.0 2.51 3.868 3.932 1.9*3
5.077 1)2.1) 0.01)11) 21.60 26.49 11.20

0. 06907 1)25.0 2.61) 3.975 4.0*5 1.986
i>.665 i)2.7 0.01.51 21.91 26.68 11.09

0. 06921 1)16.0 2.76 4.079 *.157 2.027
4.297 l>3. 1 0.01.90 22.03 26.86 10.98

0. 06936 1.12.0 2.86 4.18* *.269 2.068
3.967 1.3.1. 0.0532 22.14 27.04 10.87

0.06952 1)05.0 2.95 4.288 4.382 2.108
3.670 1.3.7 0.0575 22.25 27.21 10.76

0.069.69 398.0 3.01) 4.393 4.496 2.1*7
3.1.02 1)3.9 0.0621 22.35 27.38 10.66

0. 06986 390.0 3.11 4.500 4.612 2.186
3.160 1.1.. 1 0.0 67 22. *6 27.5 5 10.56

0. 07001. 382.0 3.18 4.608 4.731 2.225
2.91.1 1)1).

3

0.0721 22.56 27.71 10.47

0. 07023 375.0 3.21) 4.718 4.851 2.265
2.71.1 1.1).

5

0.0775 22.66 27.87 10.37

0. 0701.3 367.0 3.30 4.930 4.975 2.304
2.559 i)i). 6 0.0831 22.76 28.03 10.28

0. 07061) 358.0 3.35 4.9** 5.102 2.343
2.393 i+i).

7

0.0B91 22.85 28.18 10.19

0. 07085 350.0 3.1.0 5.061 5.231 2.382
2.21.1 itl.. -7 0.0953 22.94 28.33 10.11

0.07107 3M.O 3.1)1* 5.181 5.364 2.422
2.101 1.1*. 8 0.102 23.03 28.47 10.02

0.07130 333.0 3.1.8 5.302 5.501 2.462
1.972 1)1). 7 0.109 23.12 28.61 9.937

0.07155 321). 3.52 5.427 5.640 2.502
1.851. 1)1..

7

0.116 23.21 28.74 9.655

0. 07180 316.0 3.55 5.55* 5.7B3 2.542
1.71)5 1)1).

6

0.123 23.29 28.87 9.77*

0.07205 307.0 3.58 5.664 5.930 2.583
1.61)1) 1*1*.

5

0.131 23.37 28.99 9.69*

0.07232 298.0 3.61 5.816 6.081 2.62*
1.550 l*D.

3

0.139 23.44 29.11 9.616

0.07261 289.0 3.64 5.952 6.235 2.665
l.i>63 l+i.. 1 0.11)8 23.51 29.22 9.539

0. 07290 281.0 3.66 6.090 6.393 2.706
1.382 1*3.9 0.157 23.58 29.32 9.463

0. 07320 272.0 3.68 6.232 6.555 2.748
1.307 1*3.6 0.166 23.65 29.43 9.389

0. 07352 263.0 3.69 6.376 6.722 2.790
1.237 1*3.3 0.176 23.71 29.52 9.31*

0. 07385 251*. 3.71 6.52* 6.893 2.832
1.171 1)2.9 0.186 23.77 29.61 9.2*1

0.071.19 2i>5.0 3.72 6.675 7.068 2.875
1.110 1+2.5 0.197 23.82 29.69 9.169

0.071.51. 237.0 3.73 6.830 7.247 2.918
1. 053 1.2.1 0.208 23.87 29.77 9.097

VELOCITY SURFACE
OF SOUND TENSION

M/S DYN/CM

3.16
5.63

2.81 216.4
5.66 85.19

2.*6 2.56 216.7
3.21 5.69 85.91

2.25 2.38 217.1
3.21 5.73 86.61

2.10 2.25 217.*
3.22 5.77 87.29

1.93 2.13 217.9
3.22 5.85 88.59

1.88 2.11 217.9
3.23 5.89 89.22

1.8* 2.12 217.4
3.24 5.98 90.40

2.1* 216.9
6.02 90.97

2.22 215.5
6.13 92.0*

1.87 2.27 21*.

7

3.25 6.18 92.56

2.31 213.7
6.2* 93.05

2.37
6.30

1.92 2.*2 211.5
3.26 6.36 93.99

1.9* 2.*8 210.3
3.27 6.*2 9*.**

1.96 2.5* 209.1
3.27 6.49 94.87

2.60 207.8
6.56 55.28

2.73 205.2
6.72 96.06

2.04 2.80 203.8
3.28 6.80 96.42

2.11 3.10
3.30 7.18

3.37
7.52

202.*
96.77

2.07 2.95 201.0
3.29 6.58 97.10

2.09 3.02 199.5
3.29 7.08 97. *1

2.13 3.19 196.5
3.30 7.29 98.00

194.9
98.27



THERMODYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID HELIUM

TEMPERATURE DENSITY
G/CC

DEG. K •• X 100

V(OH/OV>
P

J/G

\MDP/OU)

ATM-CC/J

-VIOP/OW)

ATM

(DV/OTI/V
P

1/OEG. K

THERMAL
CONDUCTIVITY

HW/CH-K

VISCOSITY
G/CM-S

• X 1000000

THERMAL
OIFFUSIVITY
SO.-CM/S

DIELECTRIC
CONSTANT

PRANDTL
NUMBER

• 2.177
• 2.177

14.6?
0.1177 10.7 6.53 0.0468 0.525 0.0447 5.38 0.00676 1.00044 0.675

2.20
2.20

1<>.61

0.1235
133.0
10.8

3.48
6.53

66.1
0.0494

0.0238
0.522

0.148
0.0453

36.1
5.45

0.000321
0.00652

1.05500
1.00046

0.770
0.677

2.25
2.25

11.. 60
0.1365

102.0
11.

4.54
6.53

65.6
0.0553

0.0276
0.516

0.152
0.0467

36.4
5.60

0.000370
0.00604

1.05494
1.00051

0.674
0.600

2.30
2.30

14.53
0.1503

82.2
11.2

5.64
6.52

64.9
0.0617

0.0311
0.510

0.155
0.0480

36.7
5.76

0.000416
0.00561

1.05486
1.00056

0.605
0.683

2.35
2.35

ll>. 56
0.1649

69.2
11.4

6.72
6.52

64.2
0.0685

0.0343
0.505

0.158
0.0494

36.9
5.92

0.000456
0.00523

1.05478
1.00061

0.556
0.686

2.1.0

2.40
14.53
0.1805

60.3
11.5

7.74
6.52

63.4
0.0757

0.0374
0.500

0.160
0.0508

37.1
6.07

0.000490
0.00488

1.05468
1.00067

0.521
0.690

2.1.5

2.1.5

11.. 51
0.1970

54.0
11.7

8.66
6.52

62.5
0.0834

0.0402
0.496

0.163
0.0521

37.2
6.23

0.000516
0.00456

1.05458
1.00073

0.497
0.694

2.50
2.50 0.?144

49.5
11.9

9.47
6.5?

61.5
0.0916

0.0430
0.492

0.165
0.0535

37.3
6.38

0.000535
0.00427

1.05448
1.00079

0.482
0.698

2.55
2.55

11.. 1.5

0.2327
46.2
12.0

10.1
6.52

60.5
0.100

0.0456
0.489

0.166
0.0548

37.3
6.54

0.000547
0.00400

1.05436
1.00066

0.472
0.702

2.60
2.60

11.. 1.2

0.2521
43.7
12.2

10.7
6.5?

59.4
0.109

0.0482
0.486

0.168
0.0562

37.3
6.69

0.000554
0.00376

1.05424
1. 0OO93

0.468
0.707

2.65
2.65

14.38
0.2725

41.6
12.4

11.2
6.52

58.2
0.119

0.0507
0.483

0.170
0.0575

37.3
6.85

0.000556
0.00353

1.05412
1.00101

0.467
0.712

2.70
2.70

14. 35
0.2939

40.3
12.5

11.5
6.53

57.1
0.129

0.0532
0.481

0.171
0.0589

37.3
7.01

0.000556
0. 00333

1.05399
1.00109

0.460
0.717

2.75
2.75

14.31
0.3164

39.1
12.7

11.8
6.53

55.9
0.140

0.0 55 7

0.480
0.172
0.0603

37.3
7.17

0.000553
0.00314

1.05385
1.00117

0.471
0.722

2.60
2. SO

14.28
0.34 01

38.1
12.8

12.0
6.53

54.6
0.151

0.053?
0.478

0.174
0.0616

37.2
7.32

0.000548
0.00296

1.05371
1.00126

0.475
0.720

2.65
2.65

14.24
0.3648

37.3
12.9

12.2
6.53

53.3
0.162

0.0608
0.477

0.175
0.0630

37.1
7.48

0. 00054?
0.00279

1.05356
1.00135

0.481
0.734

2.90
2.90

14.20
0.39 8

36.5
13. 1

12.3
6.54

52.0
0.174

0.0634
0.477

0.176
0.0643

37.0
7.64

0.000535
0.00264

1.05341
1.00145

0.4 87
0.741

2.95
2.95

14.16
0.4179

35.9
13.2

12.4
6.54

50.7
0.187

0.0660
0.477

0.177
0.0657

36.9
7.80

0.000520
0.00250

1.05325
1.00155

0.493
0.747

3.00
3.00

14.11
0.4463

35.2
13.3

12.5
6.54

49.4
0.200

0.0688
0.477

0.178
0.0671

36.8
7.96

0.0005?1
0.00236

1.05309
1.00165

0.500
0.755

3. 05
3.05

14.07
0.4760

34.6
13.4

12.6
6.55

48.0
0.213

0.0716
0.478

0.179
0.0685

36.6
8.13

0.000513
0.00224

1.0529?
1.00176

0.507
0.76?

3.10
3.10

14.02
0.5070

34.1
13.6

12.7
6.55

46.7
0.227

0.0746
0.479

0.180
0.0699

36.5
8.29

0.000506
0.0021?

1.05?74
1.00188

0.514
0.770

3.15
3.15

13.98
0.5394

33.5
13.7

12.7
6.56

45.3
0.241

0.0776
0.480

0.181
0.0712

36.3
8.45

0.000498
0.00201

1.05256
1.00200

0.5??
0.778

3.20
3.20

13.93
0.5731

33.0
13.8

12.7
6.56

44.0
0.256

0.0808
0.482

0.182
0.0726

36.?
8.6?

0.000491
0.00191

1.05238
1.00212

0.5?9
0.767

3.25
3.25

13.88
0.60 8 4

32.5
13.9

12.8
6.57

42.6
0.?71

0.0841
0.484

0.183
0.0741

36.0
8.79

0.000483
0.00131

1.05219
1.00225

0.537
0.797

3.30
3.30

13.83
0.6452

32.0
14.0

12.8
6.57

41.2
0.286

0.0876
0.487

0.184
0.0755

35.8
8.95

0.000476
0.00172

1.05199
1.00239

0.545
0.807

3.35
3.35

13.77
0.6835

31.5
14.0

12.8
6.58

39.9
0.3 02

0.0912
0.490

0.105
0.0769

35.7
9.12

0.000468
0.00163

1.05179
1.00253

0.553
0.817

3.1.0

3.1.0

13.72
0.7235

31.0
14.1

12.9
6.59

38.5
0.317

0.0950
0.494

0.186
0.0784

35.5
9.30

0.000460
0.00155

1.05157
1.00268

0.56?
0.8?8

3.1.5

3.<>5
13.66
0.7651

30.5
14.2

12.9
6.59

37.1
0.334

0.0991
0.498

0.187
0.0798

35.3
9.47

0.000453
0.00147

1.05136
1.00283

0.571
0.840

3.50
3.50

13.60
0.8085

30. 1

14.3
12.9
6.60

35.8
0.350

0.103
0.503

0.186
0.0813

35.1
9.65

0.000445
0.00140

1.05113
1.00300

0.580
0.85?

3.55
3.55

13.54
0.8537

29.6
14.3

12.9
6.61

34.4
0.367

0.108
0.508

0.189
0.0828

34.9
9.82

0.000437
0.00133

1.05090
1.00316

0.539
0.965

3.60
3.60

13.48
0.90 8

29.1
14.4

12.9
6.62

33.1
0.383

0.113
0.514

0.190
O.0643

34.7
10.0

0.0O04?9
0.00126

1.05066
1.00334

0.599
0.878

3.65
3.65

13.41
0.9498

28.7
14.5

12.9
6.63

31.7
0.400

0.118
0.520

0.190
0.0858

34.5
10.2

0.000421
0.00120

1.05042
1.00352

0.610
0.893



THERMODYNAMIC PROPERTIES Op COEXISTING GASEOUS ANO LIQUID HELIUM

TEMP PRESS VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv CP VELOCITY SURFACE
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND TENSION

OEG. K ATM •• X 100 CC-ATM/G ATM/K J/G J/G J/G-K J/G -K M/S DYN/CM

3.70 0.58lt9 0. 07492 228.0 3.74 6.988 7.432 2.962 2.18 3.47 191.7 0.1532
3.70 0.58"t9 0.999 41.

6

0.220 23.92 29.64 9.025 3.31 7.66 98.75

3.75 0.6182 0.07530 219.0 3.74 7.149 7.621 3.006 2.19 3.57 190.1 0.1461
3.75 0.6182 0.9<>87 41.1 0.232 23.96 29.91 8.954 3.31 7.79 98.97

3. SO 0.6528 0.07571 211.0 3.74 7.315 7.816 3.050 2.21 3.66 188.4 0.1430
3.60 0.6528 0.9013 40.6 0.245 24.00 29.96 8.884 3.32 7.94 99.17

3.85 0.6886 0.07613 202.0 3.74 7.484 6.016 3.095 2.23 3.80 186.7 0.1379
3.85 0.6886 0.8567 40.0 0.258 24.04 30.02 8.813 3.32 6.10 99.36

3.90 0.7257 0.07657 193.0 3.74 7.658 6.221 3.141 2.25 3.92 184.9 0.1328
3.90 0.7257 0.811.7 39.3 0.272 24.07 30.06 6.743 3.33 8.27 99.5

3.95 0.761.2 0.0770". 185.0 3.73 7.836 8.433 3.187 2.26 4.05 183.1 0.1277
3.95 0.761.2 0.7750 38.6 0.287 24.09 30.09 8.673 3.33 0.45 99.7

<t.00 0.801.0 0.07752 176.0 3.72 8.019 8.650 3.234 2.28 4.19 181.2 0.1226
<>.00 0.801.0 0.7375 37.9 0.302 24.11 30.12 8.603 3.33 8.65 99.8

4. 05 0.81.52 0.07803 168.0 3.71 8.206 8.674 3.281 2.30 4.35 179.2 0.1175
<t.05 0.81.52 0.7021 37.1 0.316 24.13 30.14 8.533 3.34 8.87 99.9

<i.10 0.8878 0.07856 159.0 3.69 8.396 9.105 3.330 2.32 4.51 177.2 0.1124
it. 10 0.8878 0.6685 36.2 0.335 24.13 30.15 8.463 3.34 9.10 100.0

4. 15 0.9318 0.07912 151.0 3.67 8.596 9.343 3.379 2.34 4.69 175.2 0.1073
4.15 0.9318 0.6366 35.3 0.353 24.14 30.15 8.393 3.34 9.35 100.1

4.20 0.9772 0.07971 143.0 3.65 8.799 9.588 3.429 2.36 4.88 173.0 0.1022
4.20 0.9772 0.6063 34.4 0.372 24.13 30.14 8.322 3.35 9.63 100.1

4.224 1.000 0.08001 139.0 3.64 8.900 9.711 3.454 2.37 4.98 172.0 0.0997
4.224 1.000 0.5921 33.9 0.381 24.13 30.13 6.287 3.35 9.76 100.2

4. 25 1.021. 0.0803". 135.0 3.62 9.006 9.842 3.480 2.38 5.09 170.8 0.09709
4.25 1.021. 0.5775 33.4 0.391 24.12 30.12 6.250 3.35 9.94 100.2

4.30 1.073 0.08100 126.0 3.60 9.223 10.10 3.532 2.40 5.32 168.6 0.09199
"..30 1.073 0.5501 32.3 0.412 24.10 30.08 8.177 3.35 10.3 100.2

1..35 1.123 0.08169 118.0 3.56 9.446 10.37 3.585 2.42 5.58 166.2 0.08668
4.35 1.123 0.5239 31. e 0.434 24.06 30.04 8.104 3.36 10.7 100.2

"..".0 1.17lt 0.082".". 110.0 3.53 9.675 10.66 3.640 2.44 5.86 163.8 0.08178
4.40 1.17l| 0.1.988 30.0 0.457 24.04 29.98 8.029 3.36 11.1 100.1

4.45 1.227 0. 08323 102.0 3.49 9.913 10.95 3.695 2.47 6.18 161.3 0.07668
It. 1.5 1.227 0.lt7"t9 28.7 0.482 24.0 29.90 7.953 3.36 11.6 100.1

4.50 1.282 0.08"t07 94.5 3.45 10.16 11.25 3.753 2.49 6.55 158.6 0.07158
It- 50 1.282 0."t519 27.4 0.508 23.94 29.81 7.676 3.37 12.1 100.0

It. 55 1.339 0.081.98 86.7 3.40 10.41 11.57 3.812 2.51 6.96 155.9 0.06646
It. 55 1.339 0.1.297 26.0 0.536 23.88 29.71 7.796 3.37 12.6 99.9

4.60 1.397 0.08596 79.0 3.35 10.68 11.90 3.873 2.54 7.44 153.1 0.06137
It. 60 1.397 0.1.08". 24.5 0.565 23.80 29.56 7.714 3.37 13.5 99.7

4.65 1.457 0.08702 71.4 3.30 10.96 12.24 3.936 2.57 6.01 150.2 0.05627
It. 65 l.lt57 0.3878 23.0 0.596 23.70 29.43 7.629 3.38 14.4 99.6

lt.70 1.519 0.08817 63.9 3.24 11.25 12.61 4.002 2.59 6.68 147.1 0.05117
t. 7 1.519 0.3677 21.3 0.632 23.59 29.25 7.540 3.38 15.5 99.38

<t.75 1.582 0.08945 56.5 3.18 11.55 12.99 4.071 2.62 9.51 144.0 0.04607
lt.75 1.582 0.3483 19.5 0.670 23.46 29.04 7.448 3.38 16.6 99.16

it. 80 1.6"t8 0.09086 49.2 3.11 11.86 13.40 4.144 2.66 10.5 140.7 0.04096
"t.80 1.61.8 0.3292 17.7 0.712 23.30 26.80 7.35 3.38 16.5 98.91

4.85 1.715 0.09246 42.2 3.03 12.22 13.83 4.221 2.69 11.9 137.3 0.03586
It. 85 1.715 0.3105 15.7 0.758 23.12 28.51 7.246 3.39 20.7 96.65

it. 90 1.781. 0.09427 35.3 2.95 12.60 14.30 4.304 2.73 13.6 133.7 0.03076
It. 90 1.78". 0.2919 13.7 0.8 09 22.90 28.16 7.133 3.39 23.6 98.37

It. 95 1.856 0.09639 28.6 2.86 13.00 14.81 4.394 2.76 16.1 129.9 0.02566
It. 95 1.856 0.2733 11.5 0.869 22.63 27.77 7.01O 3.39 27.9 98.09

5.00 1.929 0.09093 22.1 2.76 13.45 15.39 4.495 2.81 19.9 126.0 0.02055
5.00 1.929 0.2545 9.25 0.938 22.31 27.28 6.871 3.39 34.6 97.83

5.05 2.00li 0.1021 16.0 2.64 13.96 16.04 4.609 2.86 26.1 121.8 0.01545
5.05 2.00"t 0.2349 6.86 1.02 21.89 26.66 6.710 3.38 46.2 97.64

5.10 2.082 0.1063 10.3 2.50 14.58 16.82 4.747 2.92 36.5 117.3 0.01035
5.10 2.082 0.2137 4.44 1.13 21.32 25.83 6.513 3.37 71.5 97.61

» 5.201 2.21.5 0.1436 -0.0000136 1.74 18.10 21.36 5.589 0.000
• 5.201 2.21.5 0.1436 -0.0000136 1.74 16.10 21.36 5.589

• LAHBOA POINT ANO CRITICAL POINT
•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INDICATED FACTOR



TEMPERATURE DENSITY
G/CC

3.70
3.70

13.35
1.001

3. 75
3.75

13.26
1.054

3.60
3.60

13.21
1.109

3.85
3.95

13.14
1.167

3.90
3.90

13.06
1.220

3.95
3.95

12.99
1.290

<4.00
•..CO

12.90
1.356

4. OS
4. 05

12.62
1.424

4.10
4.10

12.73
1.496

..15
4.15

12.64
1.571

4.20
4.20

12.54
1.649

4.224
4.224

12.50
1.669

4.25
4.25

12.45
1.732

4.30
4.30

12.35
1.618

4.35
4.35

12.24
1.909

4-40
4.40

12.13
2.005

4.45
4.45

12.02
2.106

4.50
4.50

11.69
2.213

4.55
4.55

11.77
2.327

4.60
4.60

11.63
2.449

4.65
4.65

11.49
2.579

4.70
4.70

11.34
2.719

4.75
4.75

11.16
2.671

4.60
4.60

11.01
3.037

4.65
4.65

10.62
3.221

4.90
4.90

10.61
3.425

4.95
4.95

10.37
3.653

5.00
5.00

10.11
3.930

5.05
5.05

9.796
4.256

5.10
5.10

9.409
4.660

• 5.201
* 5.201

6.964
6.964

THERMODYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID HELIUM

VIOH/OVl
P

J/G

0.123
0.529

26.9
14.6

25.6
14.7

25.2
14.7

24.0
14.7

23.7
14.7

23.1
14.7

22.7
14.6

21.9
14.5

21.3
14.5

20.9
14.4

19.9
14.3

19.4
14.0

17.6
13.6

16.1
13.4

15.5
13.3

14.9
13.1

ViDP/OU),. -VIOP/OV)

ATM-CC/J ATM

12.9 30.4
6.63 0.417

12.6 29.1
6.64 0.433

12.6 27.6
6.65 0.450

12.6 26.5
6.66 0.466

12.7 25.2
6.67 0.482

12.7 24.0
6.66 0.499

12.6 22.7
6.69 0.513

12.6 21.5
6.70 0.529

12.5 20.3
6.71 0.542

12.4 19.1
6.72 0.555

12.3 17.9
6.73 0.567

12.3 17.3
6.74 0.573

12.2 16.0
6.75 0.578

12.1 15.6
6.76 0.588

12.0 14.5
6.77 0.596

11.9 13.4
6.76 0.602

11.8 12.3
6.60 0.605

11.6 11.2
6.61 0.607

11.5 10.2
6.63 0.605

11.3 9.19
6.64 0.600

11.2 8.20
6.86 0.592

10.6
6.92

7.24
0.579

3.74
0.469

9.45
7.10

0.968
0.208

0.192
0.636

0.204
0.655

0.230
0.701

0.246
0.729

0.264
0.760

0.284
0.796

0.334
0.6B5

0.447
1.09

0.574
1.32

0.789
1.73

0.965
2.06

1.23
2.58

2.59
5.45

THERMAL VISCOSITY
DUCTIVITY G/CM-S
MH/CM-K •• X 1000000

THERMAL
DIFFUSIVITY
SQ-CM/S

DIELECTRIC
CONSTANT

PRANDTL
NUMBER

0.191
0.0674

34.2
10.4

0.000413
0.00114

1.05016
1.00371

0.621
0.906

0.192
0.0890

34.0
10.6

0.000404
0.00108

1.04990
1.00391

0.633
0.924

0.192
0.0906

33.6
10.7

0.000396
0.00103

1.04963
1.00411

0.646
0.942

0.193
0.0922

33.6
10.9

0-000387
0.000975

1.04935
1.00433

0.660
0.960

0.194
0.0939

33.3
11.1

0. 000378
0.000925

1.04906
1.00455

0.674
0.960

0.194
0.0957

33.1
11.3

0.000369
0.000877

1.04876
1.00478

0.690
1.00

0.195
0.0974

32.6
11.5

0.000360
0.000831

1.04945
1.00503

0.707
1.02

0.195
0.0993

32.6
11.7

0.000350
0.000786

1.04913
1.00529

0.726
1.05

0.196
0.101

32.3
11.9

0.000341
0.000743

1.04790
1.00555

0.745
1.07

0.196
0.103

32.1
12.1

0.000331
0.000702

1.04746
1.00593

0.767
1.10

0.196
0.105

31.6
12.4

0.000321
0.000662

1.04710
1.00612

0.791
1.13

0.196
0.106

31.7
12.5

0.000315
0.000643

1.04692
1.00626

0.304
1.15

0.197
0.107

31.6
12.6

0.000310
0.000624

1.04673
1.00642

0.818
1.16

0.197
0.110

31.3
12.6

0.000299
0.000586

1.04635
1.00674

0.847
1.20

0.197
0.112

31.0
13.0

0.000288
0.000550

1.04594
1.00709

0.679
1.24

0.197
0.114

30.7
13.3

0.000277
0.000515

1.04553
1.00744

0.916
1.28

0.197
0.117

30.4
13.5

0.000265
0.000481

1.04509
1.00791

0.957
1.33

0.199
0.120

30.1
13.6

0.000255
0.000448

1.04463
1.00921

0.994
1.39

0.199
0.123

29.8
14.0

0.000243
0.000415

1.04415
1.00964

1.04
1.45

0.200
0.127

29.5
14.3

0.000231
0.000383

1.04364
1.00909

1.10
1.52

0.201
0.131

29.2
14.6

0.000216
0.000352

1.04310
1.00957

1.16
1.60

0.202
0.135

28.9
14.6

0.000205
0.000321

1.04252
1.01010

1.24
1.70

0.203
0.140

26.5
15.1

0.000191
0.000291

1.04191
1.01066

1.34
1.81

0.205
0.147

26.2
15.5

0.000176
0.000262

1.04125
1.01128

1.45
1.95

0.207
0.154

27.6
15.6

0.000161
0.000232

1.04053
1.01197

1.59
2.11

0.210
0.164

27.4
16.2

0.000145
0.000203

1.03974
1.01273

1.78
2.32

0.214
0.176

26.9
16.6

0.000128
0.000174

1.03996
1.01360

2.02
2.60

0.222
0.196

26.4
17.0

0.000110
0.000146

1.03765
1.01461

2.37
2.97

0.235
0.232

25.8
17.5

0.0000918
0.000116

1.03666
1.01584

2.87
3.50

0.26 3

0.301
25.1
16.1

0.0000727
0.0000901

1.03520
1.01742

3.68
4.30

LAMBDA POINT AND CRITICAL POINT
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INOICATED FACTOR



0.1 ATMOSPHERE ISOBAR

Appendix E, Isobaric Properties

THERMODYNAMIC PROPERTIES OF HELIUM 4

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCIT*

cc/c DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.177 0.06831.
• 2.1.96 0.06906 425.0 2.63 3.966 4.036 1.983 1.932 2.126 217.9
• 2.1.96 4.696 42.7 0.0448 21.90 26.66 11.10 3.224 5.843 88.55

2.5 4.705 42.8 0.0447 21.92 26.68 11.11 3.223 5.639 88.63
3.0 5.828 55.1 0.0357 23.61 29.52 12.14 3.164 5.546 98.90
3.5 6.911. 66.5 0.0299 25.25 32.26 12.98 3.138 5.418 107.9
4.0 7.98 1 77.6 0.0259 26.86 34.95 13.70 3.126 5.349 116.0
4.5 9.037 88.5 0.0228 28.45 37.61 14.33 3.121 5.309 123.5
5.0 10.09 99.2 0.0204 30.04 40.26 14.89 3.118 5.283 130.5
5.1 0.1062 10.4 2.51 16.71 16.81 4.746 2.915 38.19 117.4

5.2 0.1306 0.552 1.94 19.97 20.10 5.346 3.152 616.3 104.6
5.3 10.71 106.0 0.0192 30.99 41.64 15.20 3.117 5.271 134.5
6.1. 10.92 108.0 0.0188 31.30 42.37 15.29 3.116 5.266 135.8
5.5 11.13 110.0 0.0185 31.62 42.90 15.39 3.116 5.265 137.1
5.6 11.31. 112.0 0.0182 31.93 43.42 15.49 3.116 5.262 138.4
5.7 11.55 114.0 0.0178 32.25 43.95 15.58 3.116 5.260 139.7
5.8 11.76 116.0 0.0175 32.56 44.47 15.67 3.116 5.257 140.9
5.9 11.96 118.0 0.0172 32.88 45.00 15.76 3.116 5.255 142.2
6.0 12.17 120.0 0.0169 33.19 45.52 15.85 3.115 5.252 143.4
6.5 13.21 131.0 0.0156 34. 76 46.15 16.27 3.115 5.243 149.4

7.0 11.. 25 141.0 0.0144 36.33 50.77 16.66 3.115 5.236 155.2
7.5 15.28 152.0 0. 0135 37.90 53.38 17.02 3.115 5.230 160.7
8.0 16.32 162.0 0.0126 39.47 56.00 17.36 3.115 5.226 166.1
8.5 17.35 173.0 0.0118 41.03 58.61 17.67 3.115 5.222 171.3
9.0 18.38 183.0 0.0112 42.60 61.22 17.97 3.115 5.219 176.3
9.5 19.1.1 193.0 0. 0106 44.16 63.83 18.25 3.115 5.216 161.2

10.0 2 0.1.1. 204.0 0.01O1 45.72 66.44 18.52 3.115 5.214 185.9
11.0 22.50 225.0 0.00913 48.85 71.65 19.02 3.116 5.211 195.0
12.0 24.56 245.0 0.00836 51.97 7 6.86 19.47 3.116 5.208 203.6
13.0 26.62 266.0 0.00772 55.10 82.07 19.89 3.116 5.206 212.1

14.0 26.67 286.0 0. 00716 58.22 87.27 20.27 3.116 5.204 220.2
15.0 30.73 307.0 0.00668 61.34 92.47 20.63 3.116 5.203 227.9
16.0 32.78 328.0 0.00626 64.46 97.68 20.97 3.116 5.202 235.4
17.0 34.04 343.0 0.00589 67.58 102.9 21.28 3.116 5.201 242.6
18.0 36.89 369.0 0.00556 70.70 108.1 21.58 3.116 5.200 249.7
19.0 38.91. 389.0 0.00527 73.82 113.3 21.86 3.116 5.199 256.5
20.0 •1.00 410.0 0.005O1 76.94 118.5 22.13 3.116 5.199 263.2
21.0 1.3.05 430.0 0.00477 80. 06 123.7 22.36 3.116 5.198 269.7
22.0 1.5.10 451.0 0.00455 83.17 128.9 22.62 3.116 5.198 276.1
23.0 1.7.15 472.0 0.00435 86.29 134.1 22.85 3.116 5.197 262.3

24.0 49.20 492.0 0.00417 89.41 139.3 23.08 3.116 5.197 286.3
25.0 51.26 513.0 0.00400 92.53 144.5 23.29 3.116 5.197 294.3
26.0 63.31 53 3.0 0.00385 95.64 149.7 23.49 3.116 5.196 300.1
28.0 57.41 574.0 0.00357 101. 9 160.1 23.88 3.116 5.196 311.4
30.0 61.51 615.0 0. 00334 108.1 170.4 24.24 3.116 5.196 322.4
32.0 65.62 656.0 0.00313 114.3 180.8 24.57 3.116 5.195 332.9
31.. 69.72 697.0 0.00294 120.6 191.2 24.89 3.116 5.195 343.2
36.0 73.82 738.0 0.00278 126.8 201.6 25.18 3.116 5.195 353.1
38.0 77.92 779.0 0.00263 133.0 212.0 25.46 3.116 5.195 362.6
1.0.0 82.02 820.0 0.00250 139.3 222.4 25.73 3.116 5.194 372.2

45.0 92.27 923.0 0.00222 154.9 248.4 26.34 3.116 5.194 394.8
50.0 102.5 1030.0 0.00200 170.4 274.3 26.89 3.116 5.194 416.1
55.0 112.8 1130.0 0.00182 186.0 300.3 27.38 3.116 5.194 436.4
60.0 123.0 1230.0 0. 00167 201.6 326.3 27.84 3.116 5.194 455.8
65.0 133.3 1330.0 0.00154 217.2 352.2 28.25 3.116 5.194 474.5
70.0 143.5 144 0.0 0.00143 232.8 378.2 28.64 3.116 5.193 492.4
75.0 153.8 1540.0 0.00133 248.4 404.2 28.99 3.116 5.193 509.6
80.0 164.0 1640.0 0.00125 263.9 43 0.1 29.33 3.116 5.193 526.3
90.0 184.5 1850.0 0.00111 295.1 482.1 29.94 3.116 5.193 558.3

100.0 205.0 2050.0 0.00100 326.2 534.0 30.49 3.116 5.193 568.4

126.0 256.3 2560.0 0.000800 404.1 663.8 31.65 3.116 5.193 657.9
15 0.0 307.5 3080.0 0.000667 482.0 793.7 32.59 3.116 5.193 720.7
175.0 359. 8 3590.0 0.000571 559.9 923.5 33.39 3.116 5.193 778.4
200.0 410.0 4100.0 0.000500 637.8 1053.0 34.09 3.116 5.193 832.1
225.0 461.3 4610.0 0.000444 715.7 1183.0 34.70 3.116 5.193 882.6
250.0 512.5 5130.0 0.000400 793.6 1313.0 35.25 3.116 5-193 930.3
275.0 563.8 5640.0 0.000364 871.5 1443.0 35.74 3.116 5.193 975.7
300.0 615.0 6150.0 0.000333 949.4 1573.0 36.19 3.116 5.193 1019.0
350.0 717.6 7180.0 0.000286 1105.0 1832.0 36.99 3.116 5.193 1101.0
1.00.0 820.1 8200.0 0.000250 1261.0 2092.0 37.69 3.116 5.193 1177.0

l>5 0.0 922.6 9230.0 0.000222 1417.0 2352.0 36.30 3.116 5.193 1248.0
500.0 1025.0 10300.0 0.000200 1573.0 2611.0 38.85 3.116 5.193 1316.0
600.0 1230.0 12300.0 0.000167 1884.0 3131.0 39.79 3.116 5.193 1441.0
700.0 1435.0 14400.0 0.000143 2196.0 3650.0 40.59 3.116 5.193 1557.0
800.0 1640.0 16400.0 0.000125 2507.0 4169.0 41.29 3.116 5.193 1664.0
900.0 1845.0 18500.0 0.000111 2819.0 4668.0 41.90 3.116 5.193 1765.0
1000.0 2050.0 20500.0 0.000100 3130.0 5208.0 42.45 3.116 5.193 1861.0
1100.0 2255.0 22600.0 0.0000909 3442.0 5727.0 42.94 3.116 5.193 1951.0
1200.0 2460.0 24600.0 0.0000833 3754. 6246.0 43.39 3.116 5.193 2038.0
1300.0 2665.0 26700.0 0.0000769 4065.0 6766.0 43.81 3.116 5.193 2121.0

11*00.0 2870.0 28700.0 0.0000714 4377.0 7285.0 44.19 3.116 5.193 2201.0
1500.0 3075.0 30800.0 0.0000667 4688.0 7804.0 44.55 3.116 5.193 2279.0

TWO-PHASE 80UNOARY
NUHBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR



0.1 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

ENSITY VIDH/OV)
P

V(DP/OU) -VtOP/OV)
T

(OV/DT1/V
P

G/CC J/G ATH-CC/J ATM 1/OEG.K
• X 100

2 1.96 2130 11 9

2 5 2126 11 1

3 1716 14 7

3 5 11.1.6 17 4
4 1253 20 1

4 5 1197 22 9

5 09915 25 5
5 1 9 1.1". 14. 9

5 2 7 65 8 13 4
5 3 09331. 27
5 4 09156 27 6
5 5 08981. 28 1

5 6 08819 28 6

5 7 08660 29 2

5 8 08507 29 7
5 9 08359 30. 2

6 08216 30 7

6 5 07570 33 4

7 07019 36
7 5 06 51.1. 38 6
B a 06129 41 3
S 5 05761. 43 9
9 0541.1 46 5
9 5 05152 49 1

10 01.892 51 7
11 041.1.1. 57 a

12 04072 62 2
13 03757 67 4

11. 0348S 72 6
15 03254 77 S

16 03050 83
17 02871 88 2
18 02711 93 4
19 02568 98 6
20 02439 104
21 a 02323 109
22 a 02217 114
23 02121 119 D

2". 02032 125
25 o 01951 130
26 01876 135 D

28 01742 145
30 01626 156
32 01524 166
34 01434 177
36 01355 187 a

38 01283 197
1)0 01219 208

1.5 01084 2 34
50 009754 260 a

55 a 008867 2 86
60 008128 312
65 007503 338
70 006967 364
75 006503 390
80 006096 416
90 a 005419 467
100 004877 519 D

125 a 003902 649
150 003252 779
175 002787 909
200 002439 1040
225 002168 1170
250 a 001951 1300
275 001774 1430
300 001626 1560
35 001394 1820
l>00 a 001219 2080

450 001084 2340
500 0009756 26
600 .0008130 3120
700 a 0006968 3640
600 a .0006097 4150 c

900 .0005420 4670
1000 a 0004878 5190
1100 a 0034434 5710
1200 0004065 6230
1300 0003752 6750 a

11.00 .0003484 7270 .0

1500 .0003252 7790

6.59
6.59

6.58
6.58
6.58

0.0909
0.0910
0.0945
D.0962
0.0973
0.0979
0.0 98 4

0.977

0.0423
0.0986
0.0986
0.0987
0.0988
0. 0988
0.0989
0.0989
0. 0969
0.0991

0.0993
0.0994
0.0995
0.100
0.100
0.100
0.100
0.100
0.100
0.100

o.ioo
0.100
0.100
0.100
0.100
0.100
0.100
o.ioo
0.100
0.100

0.100
0. 100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0. 100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
o.ioo
0.100
0.100
0.100
0.100
0.100
0. 100
0.100

0.0427
0.492
0.491
0.377
0.311
0.266
0.233
0.208
2.56

45.9
0.195
0.191
0.187
0.184
0.180
0.177
0.174
0.171
0.157

0.145
0.135
0.127
0.119
0.112
0.106
0.101
0.0915
0.0838
0.0773

0.0717
0.0669
0.0627
0.0590
0.0557
0.0527
0.0501
0.0477
0.0455
0.0435

0.0417
0.0400
0.0365
0.0357
0.0333
0.0 313
0.0294
0.0278

. 26 3

0.0 25

0.0222
0.0200
0.0182
0.0167
0.0154
0.0143
0.0133
0.0125
0.0111
0.0100

0.00800
0.00667
0.00571
0.00500
0. 00444
0.00400
0.00364
0.00333
0.0 0286
0.00250

0.C0222
0.00200
0.00167
0.00143
0.00125
0.00111
0.00100
0.000909
0.000833
0.000769

THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUH8ER

HH/CH-K G/CM-S SQ-CH/S
*' X 1000000

0.164 37.3 0.000533 1.05449 0.483
0.0534 6.37 0.00429 1.00079 0.698
0.0535 6.38 0.00431 1.00079 0.697
0.0642 7.80 0.00674 1.00064 0.675
0.0745 9.11 0.00951 1.00054 0.663
0.0844 10.3 0.0126 1.00046 0.656
0.0936 11.5 0.0159 1.00041 0.653
0.102 12.6 0.0195 1.00037 0.651
0.263 25.2 0.0000730 1.03522 3.66

1.75 22.3 0.0000370 1.02859 7.00
0.107 13.3 0.0218 1.00035 0.651
0.109 13.5 0.0226 1.00034 0.651
0.111 13.7 0.0234 1.00033 0.651
0.112 13.9 0.0242 1.00033 0.652
0.114 14.1 0.0250 1.00032 0.652
0.115 14.3 0.0258 1.00031 0.652
0.117 14.5 0.0266 1.00031 0.652
0.119 14.7 0.0275 1.00030 0.652
0.126 15.7 0.0317 1.00028 0.654

0.133 16.7 0.0362 1.00026 0.656
0.140 17.6 0.0409 1.00024 0.658
0.147 18.5 0.0458 1.00023 0.660
0.153 19.4 0.0508 1.00021 0.662
0.159 20.2 0.0560 1.00020 0.664
0.165 21.1 0.0614 1.00019 0.666
0.171 21.9 0.0670 1.00018 0.668
0.182 23.5 0.0786 1.00016 0.672
0.193 25.0 0.0908 1.00015 0.676
0.203 26.4 0.1C4 1.00014 0.679

0.212 27.9 0.117 1.00013 0.683
0.222 29.2 0.131 1.00012 0.685
0.231 30.5 0.145 1.00011 0.668
0.240 31.8 0.161 1.00011 0.690
0.248 33.1 0.176 l.oooio 0.693
0.257 34.3 0.192 1.00010 0.695
0.265 35.5 0.209 1.00009 0.696
0.273 36.6 0.226 1.00009 0.698
0.281 37.7 0.243 1.00008 0.699
0.288 38.9 0.262 1.00006 0.701

0.296 39.9 0.28 1.00008 0.702
0.303 41.0 0.299 1.00007 0.703
0.311 42.1 0.319 1.00007 0.704
0.325 44.1 0.359 1.00006 0.705
0.3 39 46.1 0.401 1.00006 0.706
0.353 48.0 0.446 1.00006 0.707
0.366 49.9 0.491 1.0O005 0.708
0.379 51.7 0.539 1.00005 0.708
0.392 53.5 0.588 1.00005 0.708
0.405 55.2 0.640 1.00005 0.708

0.436 59.4 0.775 1.00004 0.708
0.466 63.4 0.920 1.00004 0.707
0.495 67.3 1.08 1.00003 0.705
0.524 71.0 1.24 1.00003 0.704
0.552 74.6 1.42 1.00003 0.702
0.579 78.1 1.60 1.00003 0.700
0.606 81.6 1.79 1.00002 0.699
0.633 84.9 2.00 1.00002 0.697
0.684 91.4 2.43 1.00002 0.694
0.7 35 97.7 2.90 1.00002 0.691

0.855 111.0 4.22 1.00001 0.673
0.968 125.0 5.73 1.00001 0.670
1.08 138.0 7.43 1.00001 0.668
1.18 151.0 9.31 1.00001 0.667
1.28 164.0 11.3 1.00001 0.666
1.37 176.0 13.5 1.00001 0.667
1.46 188.0 15.9 1.00001 0.667
1.55 199.0 18.3 1.00001 0.669
1.72 222.0 23.8 1.00001 0.668
1.69 243.0 29.8 1.00000 0.668

2.05 264.0 36.4 1.00000 0.668
2.21 284.0 43.5 1.00000 0.668
2.51 322.0 59.4 1.00000 0.667
2.80 359.0 77.2 1.00000 0.667
3.07 394.0 97.0 1. coooo 0.667
3.34 428.0 119.0 1.00000 0.666
3.60 462.0 142.0 1.00000 0.666
3.85 494.0 167.0 1.00000 0.666
4.10 525.0 194.0 1.00000 0.666
4.34 556.0 222.0 1.00000 0.666

4.57 586.0 253.0 1. coooo 0.666
4.80 615.0 284.0 i.ooooo 0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



THERMODYNAMIC PROPFRTIES OF HELIUM
0.2 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K •• X .01 CC-ATH/G ATM/K J/G J/G J/G-K J/G-K H/S

• 2.176 0.06823
2.5 0.06896 1.31.0 2.64 3.964 4.103 1.961 1.921 2.116 319.2

• 2.869 0.07039 368.0 3.29 4.806 4.949 2.295 1.879 2.304 213.9
• 2.889 2.596 1.1..

6

0.0819 22.74 28.00 10.30 3.254 6.224 92.95
3.0 2.731 47.7 0.0775 23.14 28.68 10.53 3.231 6.094 95.43
3.5 3.316 60.9 0.0630 24.89 31.61 11.44 3.169 5.713 105.5
4.0 3.875 73.0 0.0536 26.57 34.42 12.19 3.141 5.538 114.2
It.

5

4.421 84.6 0.0469 28.20 37.16 12.93 3.127 5.441 122.1
5.0 •.959 95.9 0.0417 29.82 39.87 13.40 3.120 5.382 129.4
5.1 0.1062 10.4 2.51 16.60 16.81 4.746 2.915 39.19 117.4

5.2 0.1306 0.552 1.94 19.83 20.10 5.346 3.152 616.3 104.6
5.3 5.279 103.0 0.0392 30.78 41.48 13.72 3.118 5.357 133.6
5.4 5.386 105.0 0.0384 31.10 42.01 13.92 3.116 5.350 134.9
5.5 5.1.92 107.0 0.0376 31.42 42.55 13.92 3.117 5.343 136.3
5.6 5.598 109.0 0.0369 31.74 43.08 14.01 3.117 5.337 137.6
5.7 5.701. 111.0 0.0362 32. 06 43.62 14.11 3.116 5.331 138.9
5.8 5.810 114.0 0.0356 32.38 44.15 14.20 3.116 5.326 140.2
5.9 5.915 116.0 0.0349 32.69 44.68 14.29 3.116 5.320 141.5
E.O 6.021 118.0 0.0343 33.01 45.21 14.38 3.115 5.316 142.7
6.5 6.51.7 129.0 0.0315 34.60 47.87 14.80 3.115 5.296 148.9

7.0 7.071 139.0 0.0292 36.18 50.51 15.20 3.114 5.290 154.7
7.5 7.591. 150.0 0.0272 37.76 53.15 15.56 3.114 5.269 160.4
8.0 8.115 161.0 0.0254 39.33 55.78 15.90 3.114 5.259 165.8
8.5 8.636 171.0 0.0239 40.91 58.41 16.22 3.115 5.252 171.0
9.0 9.155 182.0 0.0225 42.48 61.03 16.52 3.115 5.245 176.1
9.5 9.671. 192.0 0.0213 44. 05 63.65 16.90 3.115 5.240 191.0

10.0 10.19 203.0 0.0202 45.62 66.27 17.07 3.115 5.236 195.9
11.0 11.23 224.0 0.0183 48.75 71.50 17.57 3.115 5.229 195.0
12.0 12.26 244.0 0.0168 51.88 76.73 18.02 3.116 5.223 203.7
13.0 13.29 265.0 0.0155 55.01 81.95 19.44 3.116 5.219 212.1

14.0 1*. 32 286.0 0.0144 S8.14 87.16 18.83 3.116 5.215 220.2
15.0 15.35 307.0 0.0134 61.27 92.38 19.19 3.116 5.213 227.9
16.0 16.38 327.0 0.0126 64.39 97.59 19.52 3.116 5.210 235.4
17.0 17.1.1 348.0 0. 0118 67.52 102.8 19.84 3.116 5.209 242.7
18.0 18. 44 369.0 0.0111 70.64 108.0 20.14 3.116 5.207 249.8
19.0 19.1.7 389.0 0.0106 73.76 113.2 20.42 3.116 5.205 256.6
20.0 2 0.<<9 410.0 0.0100 76.88 118.4 20.69 3.116 5.204 263.3
21-0 21.52 430.0 0.00955 80.01 123.6 20.94 3.116 5.203 269.8
22.0 22.55 451.0 0.00911 83.13 128.8 21.18 3.116 5.202 276.2
23.0 23.58 472.0 0.00871 86.25 134.0 21.41 3.116 5.201 282.4

21.. 24.60 492.0 0.00835 89.37 139.2 21.63 3.116 5.201 298.5
25.0 25.63 513.0 0.00801 92.49 144.4 21.85 3.116 5.200 294.4
26.0 26.66 533.0 0.00770 95.61 149.6 22.05 3.116 5.200 300.2
28.0 28.71 574.0 0. 00715 101.6 160.0 22.44 3.116 5.199 311.6
30.0 30.76 615.0 0.00667 108. 1 170.4 22.79 3.116 5.198 322.5
32.0 32.81 657.0 0.00626 114.3 180.8 23.13 3.116 5.197 333.1
34.0 31.. 87 698.0 0.00589 120.6 191.2 23.44 3.116 5.197 343.3
36.0 36.92 739.0 0.00556 126.8 201.6 23.74 3.116 5.196 353.3
38.0 38.97 780.0 0. 00527 133. 212.0 24.02 3.116 5.196 362.9
".0.0 •1.02 821.0 0.00500 139.3 222.4 24.29 3.116 5.196 372.4

1.5.0 1.6.15 923.0 0.00445 154.8 248.4 24.90 3.116 5.195 3 94.9
50.0 51.27 1030.0 0. 00400 170.4 274.3 25.45 3.116 5.195 416.3
55.0 56.1.0 1130.0 0.00364 186.0 300.3 25.94 3.116 5.194 436.6
6C.0 61.53 1230.0 0.00333 201.6 326.3 26.40 3.116 5.194 456.0
65.0 66.65 1330.0 0. 0O308 217.2 352.3 26.81 3.116 5.194 474.6
7C.0 71.78 1440.0 0.00286 2 32.8 378.2 27.20 3.116 5.194 492.5
75.0 76.91 1540.0 0.00267 248.3 404.2 27.55 3.116 5.194 509.7
80.0 62.03 1640.0 0.00250 263.9 430.2 27.89 3.116 5.194 526.4
90.0 92.28 1850.0 0.00222 295. 1 482.1 28.50 3.116 5.194 558.3
100.0 102.5 2050.0 0.00200 326.2 534.0 29.05 3.116 5.193 588.5

125.0 128.2 2560.0 0.00160 404.1 66 3.9 30.21 3.116 5.193 658.0
150.0 153.8 3080.0 0. 00133 482. 79 3.7 31.15 3.116 5.193 720.7
175.0 179.1. 3590.0 0.00114 559.9 923.5 31.95 3.116 5.193 779.4
200.0 205.0 4100.0 0. 00100 637.8 1053.0 32.65 3.116 5.193 632.2
225.0 230.7 4610.0 0. 000889 715.7 1183.0 33.26 3.116 5.193 682.6
250.0 256.3 5130.0 0. 000800 793.6 1313.0 33.81 3.116 5.193 930.4
275.0 281.9 5640.0 0. 000727 871.5 1443.0 34.30 3.116 5.193 975.6
300. 307.5 6150.0 0.000667 949.4 1573.0 34.75 3.116 5.193 1019.0
35 0.0 358.8 7180.0 0.000571 1105.0 1832.0 35.55 3.116 5.193 1101.0
1(00.0 1.10.0 8200.0 0. 000500 1261.0 2092.0 36.25 3.116 5.193 1177.0

1.50.0 1.61.3 9230.0 0.000444 1417. 2352.0 36.96 3.116 5.193 1248.0
500.0 512.5 10300.0 0.000400 1573.0 2611.0 37.41 3.116 5.193 1316.0
6D0.O 615.0 12300.0 0.000333 1884.0 3131.0 38.35 3.116 5.193 1441.0
70 CO 717.5 14400.0 0.000286 2196.0 3650.0 39.15 3.116 5.193 1557.0
8C0.O 820.1 16400.0 0.000250 2507.0 4169.0 39.95 3.116 5.193 1664.0
90 0.0 922.6 18500.0 0. 000222 2819.0 4688.0 40.46 3.116 5.193 1765.0

1000.0 1025.0 20500.0 0.000200 3131. 5208.0 41.01 3.116 5.193 1861.0
1100.0 1128.0 22600.0 0.000182 3442.0 5727.0 41.50 3.116 5.193 1951.0
1200.0 1230.0 2 4600.0 0.000167 3754.0 6246.0 41.95 3.116 5.193 2039.0
1300.0 1333.0 26700.0 0.000154 4065. 6766.0 42.37 3.116 5.193 2121.0

11.00.0 11.35.0 28700.0 0. 000143 4377.0 7 28 5.0 42.75 3.116 5.193 2201.0
1500.0 1538.0 30800.0 0.000133 4688.0 7804.0 43.11 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE 6EEN HULTIPLlEC BY THE INDICATEO FACTOR



0.2 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

EMPERATURE DENSITY V1DH/OV)
P

V (DP/OUI

DECK G/CC
•• X 100

J/G ATM-CC/J

2.176 li.. 66
2.5 li.. 50 50.0 9.1.6

2.889 11.21 36.7 12.3
2.889 0.3852 13.0 6.55
3.0 0.3661 13.7 6.55
3.5 0.3016 16.6 6.60
5.0 0.2581 19.5 6.62
it.

5

0.2262 22.2 6.63
5.0 0.2O17 2l>. 9 6.63
5.1 9.M.5) 1*. 9 9.13

5.2 7.658 13.1. 8.05
5.3 0.1891. 26.6 6.63
5.". 0.1857 27.1 6.63
5.5 0.1321 27.6 6.63
5.6 0.1786 28.2 6.63
5.7 0.1753 28.7 6.63
5.1 0.1721 29.3 6.63
5.9 0.1691 29.8 6.63
6.0 0.1661 30.3 6.63
6.5 0.1527 33.0 6.63

7.0 0.11.11. 35.7 6.62
7.5 0.1317 38.3 6.62
8.0 0.1232 1.1.0 6.62
8.5 0.1158 1.3.6 6.62
9.0 0.1092 1.6.3 6.61
9.5 0.1031. 1.8.9 6.61

10.0 0.09812 51.5 6.61
11.0 0.08907 56.8 6.61
12.0 0.08157 62.0 6.61
13.0 0.07521. 67.3 6.60

11.. 0.06982 72.5 6.60
15.0 0.06511. 77.7 6.60
16.0 0.06101. 82.9 6.60
17.0 0.0571.1. 88.2 6.60
18. 0.051.23 93.1. 6.60
19.0 0.05137 96.6 6.59
20.0 0.01.879 101.. 6.59
21.0 0.01.61.6 109.0 6.59
22.0 0.01.1.35 11".. 6.59
23.0 0.01.21.1 119.0 6.59

25.0 0.01.061. 125.0 6.59
25.0 0.03902 130.0 6.59
26.0 0.03751 135.0 6.59
26.0 0.031.83 11.5.0 6.59
30.0 0.03251 156.0 6.59
32.0 0.0301.7 166.0 6.59
34.0 0.02868 177.0 6.59
36.0 0.02709 187.0 6.59
38.0 0.02566 197.0 6.59
1.0.0 0.021.38 208.0 6.59

1.5.0 0.02167 231.. 6.58
50.0 0.01950 260.0 6.58
55.0 0.01773 286.0 6.58
60.0 0.01625 312. 6.58
65.0 0.01500 338.0 6.58
70.0 0.01393 361.. 6.56
75.0 0.01300 3 90.0 6.58
80.0 0.01219 516.0 6.58
90.0 0.01081. 1.68.0 6.58
100.0 0.009753 519.0 6.58

125.0 0.007803 61.9.0 6.59
15 0.0 0.006503 779.0 6.58
175.0 0.005571. 909.0 6. 58
200.0 0.001.877 101.0.0 6. 58
225.0 0.005335 1170.0 6.58
250.0 0.003902 1300.0 6.56
27 5.0 0.00351.7 11.30.0 6.58
300.0 0.003252 1560.0 6.58
35 0.0 0.002787 1820. 6.58
1.00.0 0.0021.39 2080.0 6.58

1.50.0 0.002168 231.0.0 6.58
500.0 0.001951 26 . 6.58
60 0.0 0.001626 3120.0 6.58
700.0 0.001391. 361.0.0 6.58
800.0 0.001219 1.150.0 6.56
90 0.0 0.00 1081. 1.670.0 6.58

1000.0 0.0009756 5190.0 6.58
1100.0 0.0008869 5710.0 6.58
1200.0 0.0008130 6230.0 6.56
1300.0 0.0007501. 6750.0 6.58

11.00.0 0.0006966 7270.0 6.58
1500.0 0.0006501. 7790.0 6.58

-VIDP/DV) (DV/OT1/V

62.5
52.3
0.172
0.175
0.185
0.188
0.191
0.193
0.977

0. 0523
0.195
0.195
0.195
0.195
0.195
0.195
0.196
0.196
0.196

0.197
0.198
0.196
0.198
0.198
0.199
0.199
0.199
0.199
0.199

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200
0.200

O.200
0.200
0.2O0
0.200
0.200
0. 200
0.200
0.200
0.200
0.200

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CM-S SQ-CM/S
*• X 1000000

0.000537
0.000537
0.00267
0.00297
0. 00550
0.00597
0.00767
0.00959
0.0000730

0.0000370
0.0106
0.0110
0.0115
0.0118
0.0122
0.0127
0.0131
0.0135
0.0156

0.0179
0.0202
0.0227
0.0252
0.0278
0.0306
0.0333
0.0392
0.0553
0.0517

0.0585
0.0655
0.0727
0.0802
0.0880
0.0961
0.105
0.113
0.122
0.131

0.150
0.150
0.159
0.160
0.201
0.223
0.256
0.270
0.295
0.320

0.366
0.560
0.538
0.621
0.700
0.801
0-898

0523 165 37 5
0628 176 37
577 0651 7 6
553 0661 7 9
353 0758 9 2
205 0853 10 5

255 0955 11 6
216 103 12 7

2 56 263 25 2

5 9 1 75 22 3
202 108 13 5
197 110 13 6

193 111 13 6
189 113 15
106 115 15 2
182 116 15 5
179 118 15 6
175 119 15 8

160 127 15 a

158 135 16 8

137 150 17 7
128 157 18 6
120 153 19 5
113 160 20 3
107 165 21 2

102 171 22
0921 162 23 5
0852 193 25 1
0776 203 26 5

0719 213 27 9
0671 222 29 3
0628 231 30 6
0591 250 31 9
0558 258 33 1
0526 257 35 3

0501 265 35 5
0577 273 36 7
0556 281 37 6

0536 289 38 9

0517 296 50
0501 305 51
0385 311 52 1
0357 325 55 1
0335 339 56 1

0. 0313 353 58
0295 366 59 9

0. 27 8 380 51 7
0263 392 53 5
25 505 55 2

0222 536 59 5

0200 566 63 5
0182 596 67 3

0167 525 71
0155 552 75 6
0153 5 79 78 1
0133 606 81 6
0125 633 85 9
0111 685 91 5

0. oioo 735 97 7

00800 655 111
00667 968 125
00571 1 08 138
00500 1 18 151
05 55 1 28 165

00500 1 37 176
00365 1 56 188
00333 1 55 199
00286 1 72 222
00250 1 89 253

00222 2 05 265
00200 2 21 285
00167 2 51 322
00153 2 80 359
00125 3 07 395
00111 3 35 528
00100 3 60 562
000909 3 85 595
000833 5 10 525
000769 » 35 556

000715 5 57 586
000667 5 80 615

1.00
1.22

3.72
5.65

126.0
152.0

1.05557
1.05355
1.00153
1.00136
1.00112
1.00096
1.00085
1.00075
1.03522

1.02859
1.00070
1.00069
1.00067
1.00066
1.00065
1.00065
1. 00O63
1.00061
1.00057

1.00052
1.00059
1.00056
1.00053
1.00050
1.00038
1.00036
1.00033
1.00030
1.00028

1.00026
1.00025
1.00023
1.00021
1.00020
1.00019
1.00018
1.00017
1.00016
1.00016

1.00015
1.00015
1.00015
1.0D013
1.00012
1.00011
1.00011
1.00010
1.00009
1.00009

1.00008
1.00007
1.00007
1.00006
1.00006
1.00005
1.00005
1.00005
1.00005
1.00005

1.00003
1.00OO2
1.00002
1.00002
1.00002
1.00001
i.ooooi
1.00001
1.00001
1.00001

1.00001
1.00001
1.00001
1.00001
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

1.00000
1.00000

PRANOTL
NUMBER

.586

.739

.728

.696

.680

.671

.666

7.88
0.665
0.663
0.663
0.663
0.663
0.662
0.662
0.662
0.662

0.663
0.665
0.665
0.667
0.668
0.670
0.672
0.675
0.678
0.681

0.685
0.687
0.689
0.692
0.695
0.695
0.697
0.699
0.700
0.701

0.702
0.703
0.705
0.705
0.706
0.707
0.708
0.708
0.708
0.708

0.708
0.707
0.705
0.705
0.702
0.701
0.699
0.697
0.695
0.691

0.673
0.670
0.668
0.667
0.666
0.667
0.667
0.669
0.668
0.668

0.668
0.668
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

0.666
0.666

• TWO-PHASE BOUNOARY I

•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4
0.3 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K ** X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

* 2.175 0.06813
2.5 0.06884 436.0 2.64 3.953 4.162 1.977 1.914 2.106 220.6
3.0 0.07076 354.0 3.40 5.049 5.265 2.378 1.919 2.417 212.5

» 3.163 0.07161 322.0 3.53 5.460 5.678 2.513 1.985 2.620 207.5
• 3.163 1.824 44.7 0.118 23.23 28.77 9.833 3.274 6.581 95.39

3.5 2.108 54.8 0.100 24.49 30.90 10.47 3.208 6.111 102.8
4.0 2.502 68.2 0.0838 26.25 33.86 11.26 3.159 5.769 112.4
4.5 2.880 80.6 0.0724 27.94 36.70 11.93 3.136 5.595 120.7
5.0 3.249 92.5 0.0640 29.59 39.47 12.52 3.124 5.493 128.4
5.1 0.1062 10.4 2.51 16.49 16.81 4.746 2.915 38.19 117.4

5.2 0.1306 0.552 1.94 19.70 20.10 5.346 3.152 616.3 104.6
5.3 3.467 99.4 0.0599 30.57 41.11 12.93 3.120 5.451 132.6
5.4 3.53 9 102.0 0.0587 30.89 41.65 12.94 3.119 5.439 134.0
5.5 3.611 104.0 0.0575 31.22 42.19 13.04 3.119 5.428 135.4
5.6 3.683 106.0 0.0563 31.54 42.74 13.13 3.118 5.417 136.8
5.7 3.755 109.0 0.0552 31.86 43.28 13.23 3.117 5.408 138.1
5.8 3.827 111.0 0. 0542 32.19 43.82 13.32 3.117 5.399 139.4
5.9 3.898 113.0 0.0532 32.51 44.36 13.42 3.116 5.391 140.7
6.0 3.97 115.0 0.0522 32.83 44.90 13.51 3.116 5.383 142.0
6.5 4.326 126.0 0.0479 34.43 47.58 13.94 3.114 5.351 148.3

7.0 4.679 137.0 0.0442 36.03 50.25 14.33 3.114 5.327 154.3
7.5 5.031 148.0 0.0411 37.61 52.91 14.70 3.114 5.308 160.0
8.0 5.382 159.0 0.0384 39.20 55.56 15.04 3.114 5.294 165.4
6.5 5.731 170.0 0.0361 40.78 58.20 15.36 3.114 5.282 170.7
9.0 6.060 180.0 0.0340 42.36 60.84 15.66 3.114 5.272 175.9
9.5 6.428 191.0 0.0321 43.93 63.47 15.95 3.115 5.264 180.8

10.0 6.775 202.0 0.0305 45.51 66.10 16.22 3.115 5.257 185.6
11.0 7.468 223.0 0.0276 48.65 71.35 16.72 3.115 5.246 194.9
12.0 8.159 244.0 0.0253 51.79 76.60 17.17 3.116 5.238 203.7
13.0 8.85 264.0 0.0233 54.93 81.83 17.59 3.116 5.232 212.1

14.0 9.539 285.0 0.0216 58.06 87.06 17.98 3.116 5.227 220.2
15.0 10.23 306.0 0.0201 61.20 92.28 18.34 3.116 5.222 228.0
16.0 10.91 327.0 0.0189 64.33 97.50 18.68 3.116 5.219 235.5
17.0 11.60 348.0 0.0177 67.45 10 2.7 18.99 3.116 5.216 242.8
18.0 12.29 368.0 0.0167 70.58 107.9 19.29 3.117 -5.214 249.8
19.0 12.98 389.0 0.0159 73.71 113.1 19.57 3.117 5.212 256.7
20.0 13.66 410.0 0.0151 76.83 118.4 19.64 3.117 5.210 263.4
21.0 14.35 430.0 0.0143 79.96 123.6 20.09 3.117 5.208 269.9
22.0 15.03 451.0 0.0137 83.08 126.8 20.34 3.117 5.207 276.3
23.0 15.72 472.0 0.0131 86.20 134.0 20.57 3.117 5.206 282. S

24.0 16.40 492.0 0. 0125 69.32 139.2 20.79 3.117 5.205 288.6
25.0 17.09 513.0 0.0120 92.45 144.4 21.00 3.117 5.204 294.5
26.0 17.77 533.0 0.0116 95.57 149.6 21.21 3.117 5.203 300.3
28.0 19.14 575.0 0.0107 101.8 160.0 21.59 3.117 5.202 311.7
30.0 20.51 616.0 0.0100 108.0 17 0.4 21.95 3.117 5.200 322.6
32.0 21.88 657.0 0.00939 114.3 180.8 22.29 3.117 5.200 333.2
34.0 23.25 698.0 0.00683 120.5 191.2 22.60 3.117 5.199 343.4
36.0 24.62 739.0 0.00834 126.8 201.6 22.90 3.116 5.198 353.4
36.0 25.99 780.0 0.00790 133.0 212.0 23.18 3.116 5.198 363.1
40.0 27.35 821.0 0.00751 139.2 222.4 23.45 3.116 5.197 372.5

45.0 30.77 924.0 0.00667 154.8 248.4 24.06 3.116 5.196 395.0
50.0 34.19 1030.0 0.00600 170.4 274.3 24.61 3.116 5.196 416.4
55.0 37.61 1130.0 0.00546 186.0 300.3 25.10 3.116 5.195 436.7
60.0 41.03 1230.0 0.00500 201.6 326.3 25.55 3.116 5.195 456.1
65.0 44.44 1330.0 0.00462 217.2 352.3 25.97 3.116 5.194 474.7
70.0 47.86 1440.0 0.00429 232.8 378.2 26.35 3.116 5.194 492.6
75.0 51.28 1540.0 0.00400 248.3 404.2 26.71 3.116 5.194 509.6
80.0 54.70 1640.0 0.00375 263.9 43 0.2 27.05 3.116 5.194 526.5
90.0 61.53 1850.0 0.00333 295.1 482.1 27.66 3.116 5.194 558.4
100.0 68.37 2050.0 0.00300 326.2 534.1 28.21 3.116 5.194 588.6

125.0 85.45 2560.0 0.00240 404.1 66 3.9 29.37 3.116 5.193 658.0
150.0 102.5 3080.0 0.00200 482.0 793.7 30.31 3.116 5.193 720.8
175.0 119.6 3590.0 0.00171 559.9 923.6 31.11 3.116 5.193 778.5
200.0 136.7 4100.0 0.00150 637.8 1053.0 31.81 3.116 5.193 832.2
225.0 153.8 4610.0 0.00133 715.7 1183.0 32.42 3.116 5.193 882.7
250.0 170.9 5130.0 0.00120 793.6 1313.0 32.96 3.116 5.193 930.4
275.0 188.0 5640.0 0.00109 871.5 1443.0 33.46 3.116 5.193 975.8
300.0 205.0 6150.0 0.00100 949.4 1573.0 33.91 3.116 5.193 1019.0
350.0 239.2 7180.0 0.000857 1105.0 1832.0 34.71 3.116 5.193 1101.0
400.0 273.4 8200.0 0.000750 1261.0 2092.0 35.41 3.116 5.193 1177.0

450.0 307.5 9230.0 0.000667 1417.0 2352.0 36.0 2 3.116 5.193 1248.0
500.0 341.7 10300.0 0.000600 1573.0 2611.0 36.56 3.116 5.193 1316.0
600.0 410.0 12300.0 0.000500 1884. 3131.0 37.51 3.116 5.193 1441.0
700.0 478.4 14400.0 0.000429 2196.0 3650.0 38.31 3.116 5.193 1557.0
800.0 546.7 16400.0 0.000375 2507. 4169.0 39.01 3.116 5.193 1664.0
900.0 615.0 18500. 0.000333 2819.0 4689.0 39.62 3.116 5.193 1765.0

1000.0 683.4 20500.0 0.000300 3131.0 5208.0 40.16 3.116 5.193 1861.0
1100.0 751.7 22600.0 0.000273 3442.0 5727.0 40.66 3.116 5.193 1951.0
1200.0 820.0 24600.0 0.000250 3754.0 6246.0 41.11 3.116 5.193 2038.0
1300.0 888.4 26700.0 0.000231 4065.0 6766.0 41.53 3.116 5.193 2121.0

1400.0 956.7 28700.0 0.000214 4377.0 7285.0 41.91 3.116 5.193 2201.0
1500.0 1025.0 3O800.O 0.000200 46 86.

D

7S04.0 42.27 3.116 5.193 2279.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THEPHOPHYSICAL PROPERTIES OF HELIUM l>

0.3 ATMOSPHERE ISOBAR

EMPER«TUR E DENSITY V (DH/OVI
p

VTOP/OUI -V(DP/DV>
T

COV/DT1/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDT1
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

OEG.K G/CC
•• X 100

J/G ATM-CC/J ATH 1/OEG.

K

HW/CM-K G/CM-S
X 1000000

SQ-CH/S

2.175 11.. 68
2.5 14.53 50.6 9.50 63.4 0.0417 0.165 37.7 0.000540 1.05466 0.481
3.0 li.. 13 35.5 12.5 50.0 0.0680 0.178 36.9 0.000522 1.05316 0.500
3.163 13.96 33.4 12.7 45.0 0.0784 0.182 36.3 0-000496 1.05252 0.524
3.163 0.51.82 13.7 6.56 0.245 0.481 0.0716 8.50 0.00199 1.00203 0.781
3.5 0.i.7i.i. 15.8 6.60 0.260 0.386 0.0774 9.38 0.00267 1.00176 0.740
l>.D 0.3996 18.8 6.64 0.273 0.307 0.0864 10.6 0.00375 1.00148 0.708
4.5 0.31.72 21.6 6.65 0.280 0.259 0.0 95 3 11.8 0.00490 1.00129 0.691
5.0 0.3078 24.4 6.66 0.285 0.225 0.104 12.9 0.00614 1.00114 0.681
5.1 9.1.11. 14.9 9.13 0.977 2.56 0.263 25.2 0.0000730 1.03522 3.66

5.2 7.658 13.4 a. 04 0.0423 45.9 1.75 22.3 0.0000370 1.02859 7.88
5.3 0.2885 26.1 6.66 0.287 0.209 0.109 13.5 0.00691 1.00107 0.678
5.4 0.2826 26.6 6.66 0.287 0.204 0.110 13.7 0.00718 1.00105 0.676
5.5 0.2769 27.2 6.66 0.288 0.200 0.112 13.9 0.00744 1.00103 0.676
5.6 0.2715 27.7 6.66 0.288 0.195 0.113 14.1 0.00771 1.00101 0.675
5.7 0.2663 28.3 6.66 0.2 89 0.191 0.115 14.3 0.00799 1.00099 0.674
5.9 0.2613 28.6 6.65 0.289 0.187 0.117 14.5 0.00826 1.00097 0.673
5.9 0.2565 29.4 6.65 0.290 0.183 0.118 14.7 0.00854 1.00095 0.673
6.0 0.2519 29.9 6.65 0.290 0.180 0.120 14.9 0.00882 1.00093 0.672
6.5 0.2312 32.6 6.65 0.292 0.164 0.127 15.9 0.0103 1.00086 0.671

7.0 0.2137 35.3 6.65 0.293 0.151 0.134 16.9 0.0118 1.00079 0.670
7.5 0.1988 38.0 6.64 0.294 0.140 0.141 17.8 0.0134 1.00074 0.670
8.0 0.1858 40.7 6.64 0.295 0.130 0.148 18.7 0.0150 1.00069 0.671
8.5 0.171.5 43.4 6.64 0.296 0.122 0.154 19.6 0.0167 1.00065 0.672
9.0 0.161.5 46.0 6.63 0.297 0.115 0.160 20.4 0.0184 1.00061 0.673
9.5 0.1556 48.7 6.63 0.297 0.108 0.166 21.2 0.0203 1.00058 0.674

10.0 0.1476 51.3 6.63 0.297 0.102 0.172 22.0 0.0221 1.00055 0.675
11.0 0.1339 56.6 6.62 0.298 0.0927 0.183 23.6 0.0260 1.00050 0.678
12.0 0.1226 61.9 6.62 0.299 0.0847 0.193 25.1 0.0301 1.00045 0.681
13.0 0.1130 67.1 6.61 0.299 0.0779 0.203 26.6 0.0344 1.00042 0.663

14.0 0.101.8 72.4 6.61 0.299 0.0722 0.213 28.0 0.0389 1.00039 0.686
15.0 0.09778 77.6 6.61 0.299 0.0673 0.222 29.3 0.0436 1.00036 0.688
16.0 0.09162 82.9 6.61 0.299 0.0630 0.231 30.6 0.0484 1.00034 0.691
17.0 0.03619 88.1 6.60 0.300 0.0592 0.240 31.9 0.0534 1.00032 0.693
18.0 0.08137 93.3 6.60 0.300 0.0559 0.249 33.1 0.0586 1.00030 0.695
19.0 0.07707 98.5 6.60 0.300 0.0529 0.257 34.4 0.0640 1.00029 0.696
20.0 0.07320 104.0 6.60 0.300 0.0502 0.265 35.5 0.0696 1.00027 0.698
21.0 0.06970 109.0 6.60 0.300 0.0478 0.273 36.7 0.0753 1.00026 0.699
22.0 0.06652 114.0 6.60 0.300 0.0456 0.281 37.8 0.0812 1.00025 0.701
23.0 0.06362 119.0 6.60 0.300 0.0436 0.289 38.9 0.0872 1.00024 0.702

2<..0 0.06096 125.0 6.60 0.300 0.0418 0.296 40.0 0.0934 1.00023 0.703
25.0 0.05852 130.0 6.60 0.300 0.0401 0.304 41.1 0.100 1.00022 0.704
26.0 0.05626 135.0 6.59 0.300 0.0385 0.311 42.1 0.106 1.00021 0.704
28.0 0.05221. 145.0 6.59 0.300 0.0358 0.326 44.2 0.120 1.00019 0.706
30.0 0.01.875 156.0 6.59 0.300 0.0334 0.340 46.1 0.134 1.00018 0.707
32.0 0. 04570 166.0 6.59 0.300 0.0313 0.353 48.1 0.149 1.00017 0.707
3<t.O 0. 04301 177.0 6.59 0.300 0.0 29 4 0.367 49.9 0.164 1.00016 0.706
36.0 0.04062 187.0 6.59 0.300 0.0278 0.380 51.7 0.180 1.00015 0.708
38.0 0.03848 197.0 6.59 0.300 0.0263 0.393 53.5 0.196 1.00014 0.708
".0.0 0.03656 208.0 6.59 0.300 0.0250 0.405 55.3 0.213 1.00014 0.708

45.0 0.03250 234.0 6.59 0.300 0.0222 0.436 59.5 0.258 1.00012 0.706
50.0 0.02925 260.0 6.59 0.300 0.0200 0.466 63.5 0.307 1.00011 0.707
55.0 0.02659 286.0 6.59 0.300 0.0182 0.496 67.3 0.359 1.00010 0.706
60.0 0.02437 312.0 6.58 0.300 0.0167 0.524 71.0 0.414 1.00009 0.704
65.0 0.02250 338.0 6.58 0.300 0.0154 0.552 74.7 0.472 1.00008 0.702
70.0 0.02089 364.0 6.58 0.300 0.0143 0.580 78.2 0.534 1.00008 0.701
75.0 0.01950 390.0 6.58 0.300 0.0133 0.606 81.6 0.599 1.00007 0.699
80.0 0.01828 416.0 6.58 0.300 0.0125 0.633 84.5 0.666 1.00007 0.697

90.0 0.01625 468.0 6.58 0.300 0.0111 0.685 91.4 0.811 1.00006 0.694
100.0 0.01463 5 20.0 6.58 0.300 0.0100 0.735 97.7 0.967 1.00005 0.691

125.0 0.01170 649.0 6.58 0.300 0.00800 0.855 111.0 1.41 1.00004 0.673
150.0 0.009753 779.0 6.58 0.300 0.00666 0.968 125.0 1.91 1.00004 0.670
175.0 0.008360 909.0 6.58 0.300 0.00571 1.08 138.0 2.48 1.00003 0.668
200.0 0.007315 1040.0 6.58 0.300 0.00500 1.18 151.0 3.10 1.00003 0.667
225.0 0.006503 1170.0 6.58 0.300 0.00444 1.28 164.0 3.78 1.00002 0.666
25 0.0 0.005852 1300.0 6.58 0.300 0.00400 1.37 176.0 4.51 1.00002 0.667
275.0 0.00532D 1430.0 6.58 0.300 0.00364 1.46 188.0 5.29 1.00002 0.667
300.0 0.004877 1560. 6.58 0.300 0.00333 1.55 199.0 6.11 1.00002 0.669
350.0 0.004181 1820.0 6.58 0.300 0.00286 1.72 222.0 7.93 1.00002 0.668
".00.0 0.003658 2080.0 6.58 0.300 0.00250 1.89 243.0 9.94 1.00001 0.666

1.50.0 0.003252 2340.0 6.58 0.300 0.00222 2.05 264.0 12.1 1.00001 0.668
500.0 0.002927 2600. 6.58 0.300 0.00200 2.21 284.0 14.5 i.ooooi 0.668
60 0.0 0.002439 3120.0 6.56 0.300 0.00167 2.51 322.0 19.8 1.00001 0.667
700.0 0.002090 3640.0 6.58 0.300 0.00143 2.80 359.0 25.7 1.00001 0.667
800.0 0.001829 4150.0 6.58 0.300 0.00125 3.07 394.0 32.3 1.00001 0.667
900.0 0.001626 4670.0 6.58 0.300 0.00111 3.34 426.0 39.5 1.00001 0.666

1000.0 0.001463 5190.0 6.58 0.300 0.00100 3.60 462.0 47.3 i.ooooi D.666
1100.0 0.001330 5710.0 6.58 0.300 0.000909 3.85 494.0 55.7 1.00000 0.666
120 0.0 0.001219 6230.0 6.58 0.300 0.000833 4.10 525.0 64.7 i.ooooo 0.666
130 0.0 0.001126 6750.0 6.58 0.300 0.000769 4.34 556.0 74.2 1.00000 0.666

11.0 0.0 0.001045 7270.0 6.58 0.300 0.000714 4.57 586.0 84.2 1.00000 0.666
1500.0 0.0009756 7790.0 6.58 0.300 0.000667 4.80 615.0 94.8 1.00000 0.666

THO-PHASF BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

0.1. ATMOSPh ERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G OERIVATIVE DERIVATIVE ENERGY OF SOUNO

DEC K *• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-•K M/S

* 2.171. 0.06803
2.5 0.06873 1.1.2.0 2.64 3.942 4.221 1.973 1.908 2.097 221.9
3.0 0.07061 360.9 3.41 5.031 5.317 2.372 1.918 2.408 213.9

* 3.380 0.07 2 78 281.. 3.65 6. 036 6.331 2.690 2.067 2.918 201.5
• 3.380 1.1.13 1.1*. 0.153 23.56 29.28 9.493 3.289 6.941 96.97

3.5 1.1.95 1.8.0 0.144 24. 04 30.10 9.730 3.258 6.674 99.9
4.0 1.812 63.1 0.117 25.91 33.26 10.57 3.181 6.057 110.3
4.5 2.108 76.5 0.100 27.66 36.21 11.27 3.146 5.773 119.3
5.0 2.392 89. 0. 0874 29.35 39.05 11.87 3.129 5.616 127.2
5.1 2.1.1.8 91.1. 0. 0853 29.69 39.61 11.98 3.127 5.593 128.7

5.2 0.1320 0.306 1.92 19.70 20.24 5.373 3.164 1108.0 104.1
5.3 2. 56 J 96.2 0.0815 30.35 40.73 12.19 3.123 5.553 131.7
5.1. 2.615 98.6 0.0798 30.68 41.28 12.30 3.122 5.536 133.1
5.5 2.67 101.0 0.0781 31.01 41.83 12.40 3.121 5.519 134.5
5.6 2.725 103.0 0. 0765 31.34 42.38 12.50 3.120 5.504 135.9
5.7 2.78 106.0 3.0749 31.67 42.93 12.60 3.119 5.490 137.3
5.8 2.835 108.0 0.0735 31.99 43.48 12.69 3.118 5.478 138.6
5.9 2.890 110.0 0. 0720 32.32 44.03 12.79 3.117 5.466 140.0
6.0 2.91.1. 113.0 0.0707 32.64 44.56 12.88 3.116 5.454 141.3
6.5 3.215 121.. 0.0647 34.26 47.29 13.31 3.114 5.409 147.7

7.0 3.1.83 135.0 0. 0596 35.87 49.99 13.71 3.113 5.375 153.8
7.5 3.75 11.6.0 0. 0553 37.47 52.67 14.08 3.113 5.349 159.6
8.0 4.015 157.0 0. 0516 39. 06 55.34 14.43 3.113 5.329 165.1
8.5 4.27 9 168.0 0. 0464 40.65 58.00 14.75 3.113 5.313 170.5
8.0 I.. 51.2 179.0 0.0456 42.24 60.65 15.05 3.114 5.299 175.6
9.5 4.805 19G.0 0. 0431 43.82 63.30 15.34 3.114 5.288 180.6

10.0 5.067 200.0 0. C4C8 45.40 65.94 15.61 3.114 5.279 185.5
11.0 5.589 222.0 0.0370 48.56 71.21 16.11 3.115 5.264 194.8
12.0 6.109 243.0 0.0338 51.70 76.46 16.57 3.116 5.253 203.6
13.0 6.629 261.. 0.0311 54.85 81.71 16.99 3.116 5.245 212.1

11.. 7.11.7 285.0 0.0289 57.99 86.95 17.38 3.116 5.238 220.2
15.0 7.665 306.0 0.0269 61.12 92.19 17.74 3.116 5.232 228.0
16.0 8.181 327.0 0. 0252 64.26 97.42 18.08 3.117 5.228 235.5
17.0 8.69 8 31.7.0 0.0237 67.39 102.6 18.39 3.117 5.224 242.8
18.0 9.211. 368.0 0. 0224 70.52 107.9 18.69 3.117 5.220 249.9
19.0 9.729 389.0 0.0212 73.65 113.1 18.97 3.117 5.218 256.8
20.0 10.21. 1.10.0 0. 0201 76.78 118.3 19.24 3.117 5.215 263.5
21.0 10.76 1.3 0.0 0. 0191 79.91 123.5 19.49 3.117 5.213 270.0
22.0 11.27 »51.0 0. 0183 83. 03 128.7 19.74 3.117 5.211 276.4
23.0 11.79 1.72.0 0. 0175 96.16 133.9 19.97 3.117 5.210 282.6

24.0 12.30 1.92.0 0. 0167 89.28 139.1 20.19 3.117 5.208 288.7
25.0 12.82 513.0 0.0161 92.40 144.4 20.40 3.117 5.207 294.6
26.0 13.33 531.. 0. 0154 95.53 149.6 20.61 3.117 5.206 300.5
28.0 11.. 36 575.0 0.0143 101.8 160.0 20.99 3.117 5.204 311.8
30.0 15.39 616.0 0. 0134 108.0 17 0.4 21.35 3.117 5.203 322.7
32.0 16. 41 657.0 0. 0125 114.3 180.8 21.69 3.117 5.202 333.3
34. 17.1.1. 698.0 0.0118 120.5 191.2 22.00 3.117 5.201 343.6
36.0 18.1.7 739.0 0.0111 126.7 201.6 22.30 3.117 5.200 353.5
38.0 19.1.9 780.0 0. 0105 133.0 212.0 22.58 3.117 5.199 363.2
1.0.0 20.52 822.0 0. 0100 139.2 222.4 22.85 3.117 5.198 372.6

1.5.0 23.08 924.0 0.00890 154.6 248.4 23.46 3.117 5.197 395.2
50.0 25.65 1030.0 0. 00801 170.4 274.4 24.01 3.116 5.196 416.5
55.0 28.21 1130.0 0.00728 166.0 300.3 24.50 3.116 5.196 436.8
60.0 30.78 1230.0 0.00667 201.6 326.3 24.96 3.116 5.195 456.2
65.0 3 3.31. 1330.0 0. 00616 217.2 352.3 25.37 3.116 5.195 474.8
70.0 35.90 14 1.0.0 0. 00572 232.7 37 8.3 25.76 3.116 5.195 492.7
75.0 38.1.7 1540.0 0.00533 248.3 404.2 26.11 3.116 5.194 509.9
80.0 1.1.03 1640.0 0. 00500 263.9 430.2 26.45 3.116 5.194 526.6
90.0 1.6.16 1850.0 0.00444 295.1 482.1 27.06 3.116 5.194 558.5

100.0 51.28 2050.0 0. 00400 326.2 534.1 27.61 3.116 5.194 588.7

125.0 61,. 10 2570.0 0. 00320 404. 1 66 3.9 28.77 3.116 5.193 658.1
15 0.0 76.91 3060.0 0.00267 482. 79 3.8 29.71 3.116 5.193 720.9
175.0 69.72 3590.0 0.00229 559.9 923.6 30.51 3.116 5.193 778.6
200.0 102.5 4100.0 0. 00200 637. 8 1053.0 31.21 3.116 5.193 832.3
22 5.0 115.3 4620.0 0.00178 715.7 1183.0 31.82 3.116 5.193 882.7
25 0.0 128.2 5130.0 0. 00160 793.6 1313.0 32.37 3.116 5.193 930.5
27 5.0 11.1.0 5640.0 0. 00145 871. 5 1443.0 32.86 3.116 5.193 975.9
300.0 153.8 6150.0 0. 00133 949.4 1573.0 33.31 3.116 5.193 1019.0
35 0.0 179.1. 7180.0 0. 00114 1105.0 1832.0 34.11 3.116 5.193 1101.0
1.00.0 205.0 8200.0 0.00100 1261.0 2092.0 34.81 3.116 5.193 1177.0

1.5 0.0 230.7 92 3 . 0. 000889 1417. 2352.0 35.42 3.116 5.193 1248.0
50C.O 256.3 10300.0 O.OOC800 1573. 2611.0 35.97 3.116 5.193 1316.0
600.0 307.5 12300.0 0. 000667 18 84.0 3131.0 36.91 3.116 5.193 1441.0
700.0 358.8 14400.0 0.000571 2196.0 3650.0 37.71 3.116 5.193 1557.0
SOO.O 1.10.0 16400.0 0. 000500 2507. 4169.0 38.41 3.116 5.193 1664.0
9OC.0 1.61.3 18500.0 0.000444 2819. 4689.0 39.02 3.116 5.193 1765.0

1000.0 512.5 2050C.O 0.000400 3131.0 5206.0 39.57 3.116 5.193 1861.0
1100.0 563.8 22600.0 0. 000364 3442.0 5727.0 40.06 3.116 5.193 1951.0
1200.0 615.0 24600.0 0. C00333 3754.0 6246.0 40.51 3.116 5.193 2038.0
130C.0 666.3 26700.0 0. 000308 4 65.0 6766.0 40.93 3.116 5.193 2121.0

11.00.0 717.5 2 8700.0 0.000286 4377.0 7285.0 41.31 3.116 5.193 2201.0
1500.0 768. 9 30800.0 0.000267 4688.0 7804.0 41.67 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN HULTIPLIEC BY THE INDICATED FACTOR



0.". ATMOSPHERE ISOBAR
THERMOPhYSICAL PROPERTIES OF HELIUM .

TEMPERATURE OENSITY VIOH/OVI
P

J/G

VCOP/DUI

ATM-CC/J

-V (OP/DV) (OV/DTI /V THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MW/CM-K G/CH-S SO-CM/S
•* X 10.0003

PRANDTL
NUMBER

2 .1714 1* 71

Z .5 14 .53

3 .0 14 16

3 330 13 7.

3 390 .7076
3 5 O 65B9
i* .0 .5519
4 ,5 .1.71.5

5 .0 1.180

5 .1 1.085

5 2 7 .578

5 3 3907
5 i* 392".

5 5 3745
5 6 3669
5 7 3597
5 8 3527
5 9 3W61
6 3397
6 5 3111

16.0
17.0

22.0
23.0

26.0
28.0
30.0
32.0
34.0
36.0
38.0
»0.0

-5.0
50.0
55.0
60.0
65.0
70.
75.0
80.0
90.0

100.0

125.0
150.0
175.0
20 0.0
225.0
250.0
275.0
300.0
350.0
1.00.0

1.50.0

500.0
60 0.0
700.0
800.0
90 0.0
1000.0
1100.0
120 0.0
1300.0

1400.0
150 0.0

24.5

13.4
25.6
26.2
26.7
27.3
27.9
28.i<

9.51
12.6
12.8
6.58
6.60
6.65
6.67
6.68
6.68

.21.91 1.0 4

.2337 03 1

.2202 1.5 8

.2081 1.8 5

.1971. 51 1

.1789 56 4

.1637 61 7

.1509 67

.1399 72 3

1305 77 5

.1222 82 8

1150 88
.1085 93 3
1028 98 5
09761 10<*

.09291. 109
08870 in
081.83 119 c

08128 125
.07802 130
07501 135 D

06961. 1*5
06499 156 O

05092 166
.05731. 177
051.15 187
.05130 198
04873 208

04332 231.

03899 260
0351.1. 286
03249 312
02999 338
02785 361.

.02600 390
021.37 1.16

02167 1.68

01950 520 D

.01560 649
01300 7 79 D

01115 909
009753 1C0
008670 1170
007803 1300
.007091. 1430
.006503 1560
005571. 1820 5

.001.877 2080

001.335 2340
003902 2600
.003252 3120
002787 3640 g

.0021.39 4150

.002168 4670

.001951 5190 1

001774 5710
001626 6230
001501 6750

001391. 7270
.001301 7790

6.60
6.60
6.60
6.60
6.59
6.59
6.59
6.59

6.58
6.58

6.56
6.58
6.58

39.0
0.311
0.321
0.348
0.363
0.372
.373

.376
0.377
.378

3 .379
0.380
0.381
0.382
0.383
.386

0.388
0.390
0.392
0.393
.394
.395

0.395
.397

0.397
.398

0.398
0.399
0.399
.399

0.400

.4C0
0.400

0.04H
0.0 66 9

u.0935
0.492
0.448
0.3 35

C.274
u.235
0.228 '

.217

.211

.206

.202

.197

.193

0.168

0.154
0.142
0.132
0.123
0.116
0.109
0.103
0.0933
0.0 851
0.0 78 3

0.0725
0.0675
0.0631
0.0593
CO 56
0.0 53
0.0503
0.0 47 9

O.0 45 6

0.0436

0.0418

0.0334
0.0313
0.0294
0.0 27 8

0.0 26 3

0.0250

0.0 22 2

0.0200
0.018 2

0.0167
0.015 4

0.0143
0.0133
0.012 5

0.0111
0.010

0.00800
0.00666
0.00571
0.00500
0.00444
0.00400
O.0C364
O.u0333
O.0C286
0.00250

0.00222
0.00200
0.00167
C. 00143
0.00125
0.00111
0.001J0
0.000909
0.000833
0.000769

J. 166
0.179
0.186
0.J778
0.0795
0.0877
0.0962
0.105
0.106

0.109
0.111
0.113
3.114
O.llo
0.117
0.119
0.120
0.128

0.135

.166

.172

.183

0.213
0.223
0.232
0.241
0.249
0.257

1.297
0.304
0.311
0.326
0.340
0.353
0.367
0.380
0.393
0.406

0.552
0.580
0.607
0.633
0.685
0.7 35

32.:
33.2
34.4

151.0
164.0
176.0
188.0
199.0
222.0
243.0

.000543

.000525

.00:463

.01.158

.00176

.00262

.00351

. .00524
0.00545
0.00565
0.00586
0.006..7
0.00528
C.JU649
C. 00753

0.00873
0.OC992
0.0112
0.0124
0.0138
0.3151
0.0165
0.0194
0.0225
0.0257

0.0291
J.C32E
..0353

0.044C
0.0480
o.C522
0.0565
0.06C9
0.C654

0.37,1
u.07.8
0.0797
0.0899
C.10G
0.112
0.123
0.135
0.147
3. 16b

0.194
0.23.
0.269
0.311
0.354
0.401
0.449
0.500
0.608
0.726

3.97
4.53
5.95

322.0 14.8
359.0 19.3
394.0 24.3
428.0 29.7
462.0 35.5
494.0 41.8
525.0 48.5
556.0 55.6

586.0 63.1
615.0 71.1

05327
-"5166

31262
:..--

.0J204

.3,176

.10155

.00151

,02829
il»5
01.2

.00139
,136

.Cjl33

.01131
,123

.30126
0115

.11106
.0099
1,092

.00087
0082
j077
0073
066

0061

.00039
0.036

031

.00030
0029

.01028

.00026

.01024

.00023
00021
00020
.00019
.00018

00016
.01014
.00313
.03012

JC11
.OJ010

010
.00009
.000.8
.00007

,00004
004

0CC03
0003

.00003

.00002

.00002

.00002

.00002
ooooi
0OO01

.00001

.00001

.00001

.00001
ooooi
.00001

0.558
0.824
0.803
0.743
0.71.
0.699
0.696

8.13
0.692
0.690
0.689
0.639
0.686
0.685
0.664
0.583
0.680

0.678
0.677
0.676
0.677
0.677
0.678
0.679
0.681
0.663
0.686

0.689
0.690
0.692
0.694
0.696
0.697
0.699
0.7O0
0.7C1
0.7C2

0.703
0.7C4
0.705
0.706
0.707
0.708
0.708
0.708
0.709
0.709

0.708
0.707
0.706
0.704
0.702
0.701
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.667
0.667
0.669
0.668
0.668

0.668
0.668
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATED FACTOR



0.5 ATMOSPHERE ISOBAR
THERMODYNAMIC PROPERTIES CF HELIUM 4

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. < *• X .01 CC-ATM/C ATM/K J/G J/G J/G-K J/G-K M/S

* 2.173 0.06792
2.5 0.06862 1.1.8.0 2.61. 3.932 4.280 1.968 1.902 2.086 223.2
3.0 0.07 01.6 366.0 3.1.2 5.013 5.37 2.366 1.917 2.396 215.4
3.5 0.0731.1. 265.0 3.70 6.366 6.738 2.786 2.109 3.096 198.7

* 3.563 0.07393 252.0 3.71 6.561. 6.938 2.81.3 2.131 3.212 196.1
* 3.563 1.155 1.2.8 0.189 23.78 29.63 9.222 3.301 7.317 98.07

4.0 1.391. 57.7 0.153 25.5k 32.60 10.01 3.208 6.423 106.2
•..5 1.61.2 72.2 0.129 27.37 35.69 10.71. 3.159 5.963 117.7
5.0 1.877 85.1. 0.112 29.11 38.62 11.35 3.135 5.755 126.1
5.1 1.923 88.0 0.109 29.1.5 39.19 11.1.7 3.132 5.723 127.6

5.2 1.969 90.5 0.107 29.79 39.77 11.58 3.130 5.693 129.2
5.3 2.015 93.0 0.101. 30.13 1.0.33 11.69 3.127 5.666 130.7
5.". 2.060 95.5 0. 102 30.1.6 1(0.90 11.79 3.125 5.642 132.2
5.5 2.105 97.9 0.0995 30.80 1.1.1.6 11.90 3.123 5.619 133.6
5.6 2.150 100.0 0.0971. 31.13 1.2.02 12.00 3.122 5.599 135.0
5.7 2.195 103.0 0.0953 31.1.6 1.2.58 12.10 3.121 5.580 136.5
5.8 2.239 105.0 0.0931. 31.79 1.3.11. 12.19 3.119 5.562 137.9
5.9 2.281. 108.0 0. 0915 32.12 1.3.69 12.29 3.118 5.546 139.2
6.0 2.328 110.0 0. 0897 32.1(5 l.l(.25 12.38 3.117 5.531 140.6
6.5 2.51.8 122.0 0.0819 3i(. 09 1(7.00 12.82 3.114 5.470 147.1

7-0 2.765 133.0 0.0753 35.71 1.9.72 13.22 3.113 5.425 153.3
7.5 2.981 m.i 0. 0698 37.32 52.1(2 13.60 3.113 5.391 159.2
e.o 3.195 156.0 0.0651 38.93 55.11 13.91. 3.113 5.365 164.6
6.5 3.1(08 167.0 0.0610 1.0.52 57.79 14. 27 3.113 5.344 170.2
9.0 3.623 178.0 0.0573 1(2.12 6 0.1.6 Ik. 57 3.113 5.327 175.4
9.5 3.831 188. 0. 051.2 1(3.71 63.12 Ik. 86 3.114 5.313 160.5

10.0 4.042 199.0 0.0513 1.5.29 65.77 15.13 3.114 5.301 165.3
11.0 l>.i(61 221.0 0.01.61. 1.8.1.6 71.06 15.61. 3.115 5.282 194.7
12.0 i(.879 21.2.0 0.01.21. 51.61 76.33 16.10 3.115 5.269 203.6
13.0 5.296 263.0 0.0391 51.. 76 81.59 16.52 3.116 5.256 212.1

14.0 5.712 28".. 0. 0362 57.91 86.85 16.91 3.116 5.249 220.2
15.0 6.127 305.0 0.0337 61.05 92.09 17.27 3.117 5.242 228.0
16.0 6.51.1 326.0 0.0316 61.. 19 97.33 17.61 3.117 5.236 235.6
17.0 6.955 31.7.0 0.0297 67. 33 102.6 17.93 3.117 5.231 242.9
18.0 7.369 368.0 0. 0280 70.1.6 107.8 16.22 3.117 5.227 250.0
19.0 7.782 389.0 0.0265 73.59 113.0 18.51 3.117 5.224 256.9
20.0 8.19 5 1.09.0 0.0252 76.73 118.2 18.77 3.117 5.221 263.6
21.0 8.607 1(30.0 0. 0239 79.86 123.5 19.03 3.117 5.218 270.1
22.0 9.019 1.51.0 0.0228 82.98 128.7 19.27 3.117 5.216 276.5
23.0 9.1.31 1(72.0 0.0218 86.11 133.9 19.50 3.117 5.214 262.7

21.. 9.81.3 1(92.0 0. 0209 89.21. 139.1 19.73 3.117 5.212 268.8
25.0 10.25 513.0 0.0201 92.36 144.3 19.91. 3.117 5.211 294.7
26.0 10.67 531.. 0. 0193 95.1.9 11.9.5 20. 14 3.117 5.209 300.6
28.0 11.1.9 575.0 0. 0179 101.7 159.9 20.53 3.117 5.207 311.9
30.0 12.31 616.0 0.0167 108.0 170.1. 20.89 3.117 5.205 322.9
32.0 13.13 657.0 0. 0157 111.. 2 180.8 21.22 3.117 5.204 333.4
31.. 13.96 699.0 0.011.7 120.5 191.2 21.51. 3.117 5.202 343.7
36.0 14.78 71.0.0 0.0139 126.7 201.6 21.8". 3.117 5.201 353.6
38.0 15.60 781.0 0.0132 133.0 212.0 22.12 3.117 5.201 363.3
1.O.0 16.1(2 822.0 0.0125 139.2 222.1. 22.38 3.117 5.200 372.7

1.5.0 18.1.7 925.0 0.0111 151.. 8 21.8.1. 23.00 3.117 5.198 395.3
50.0 20.52 1030.0 0.0100 170.1. 271.. i( 23.51. 3.117 5.197 416.6
55.0 22.58 1130.0 0.00910 186.0 300.3 21.. 04 3.117 5.196 436.9
60.0 21.. 63 1230.0 0.0C83i( 201.6 326.3 21.. 49 3.116 5.196 456.3
65.0 26.68 13K0.O 0. 00770 217.1 352.3 21.. 91 3.116 5.195 474.9
70.0 28.73 11(1(0.0 0.00715 232.7 378.3 25.29 3.116 5.195 492.8
75.0 30.78 151(0.0 0.00667 2*8.3 1.01.. 3 25.65 3.116 5.195 510.0
80.0 32.83 161.0.0 0.00625 263.9 1(30.2 25.99 3.116 5.195 526.7
90.0 36.93 1850.0 0.00556 295. 1 1(82.2 26.60 3.116 5.194 558.6
100.0 1.1.03 2050.0 0. 00500 326.2 531..

1

27.15 3.116 5.194 566.8

125.0 51.28 2570. 0. 00400 1.01.. 1 663.9 26.30 3.116 5.194 658.2
15 0.0 61.53 3080.0 0.00333 1.82. 793.8 29.25 3.116 5.193 720.9
175.0 71.78 3590.0 0.00286 559.9 923.6 30.05 3.116 5.193 778.6
200.0 82.03 MOO.O 0.00250 6 37.8 1053.0 30.71. 3.116 5.193 832.4
225.0 92.28 1.620.0 0.00222 715.7 1183. 31.36 3.116 5.193 882.6
250.0 102.5 5130.0 0.00200 793.6 1313.0 31.90 3.116 5.193 930.5
275.0 112.8 561.0.0 0.00182 871.5 11.1.3.0 32.1.0 3.116 5.193 975.9
300. 123. 6150.0 0.00167 91(9.1. 1573.0 32.85 3.116 5.193 1019.
35 0.0 11.3.5 7180.0 0.0011.3 1105. 1832.0 33.65 3.116 5.193 1101.0
1(0 0.0 161.. 8200.0 0. 00125 1261. 2092.0 3k. 34 3.116 5.193 1177.0

1.5 0.0 181..

5

9230.0 0. 00111 11(17. 2352.0 34.96 3.116 5.193 1246.0
500.0 205.0 10300.0 0. 00100 1573.0 2611.0 35.50 3.116 5.193 1316.0
600.0 21.6.0 12300.0 0. 000833 1881.. 3131.0 36.45 3.116 5.193 1441.0
700.0 287.0 11.1(00.0 0.000711. 2196. 3650.0 37.25 3.116 5.193 1557.0
800. 328.0 161(00.0 0. 000625 2507.0 1.169.0 37.94 3.116 5.193 1664.0
90 CO 369.0 18500.0 0. 00C556 2819. 1.689.0 38.56 3.116 5.193 1765.0

1000.0 1.10.0 20500.0 0.000500 3131. 5208.0 39.10 3.116 5.193 1861.0
1100.0 1.51.0 22600.0 0. 0001.55 31.1(2.0 5727.0 39.60 3.116 5.193 1951.0
1200.0 1(92.0 21.600.0 0. 0001(17 3751.. 621.6.0 40.05 3.116 5.193 2038.0
1300.0 533.0 26700.0 0. 000385 1.065. 6766.0 40.47 3.116 5.193 2121.0

11.00. 571.. 28700.0 0.000357 1.377. 7285.0 40.85 3.116 5.193 2201.0
1500.0 615.0 30800.0 0.000333 1.688.0 7801.. 41.21 3.116 5.193 2279.0



0.5 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

DECK G7CC
•• X 10

• 2.173 14.72
2.5 14.57
3.0 14.19
3.5 13.62

• 3.563 13.53
• 3.563 0.8660

4.0 0.7175
4.5 0.6390
5.0 0.5327
5.1 0.5199

5.2 0.5078
5.3 0.4964
5.4 0.1.851.

5.5 0. 1.750

5.6 0.1.651
5.7 0.4556
5.8 0.4466
5.9 0.4379
6.0 0.1.295
6.5 0.3925

7.0 0.3616

V.OH/OVI
P

J/G

VIOP/OU)

ATM-CC/J

-V<DP/OV>_ (OV/OTI/V THERMAL VISCOSITY
CONDUCTIVITY

MH/CM-K G/CM-S
•• X 1000000

THERMAL
OIFFUSIVITY

SQ-CH/S

25.7
26.3
26.8

9.53 65.3 0.01.05 0.166
.2.6 51.9 0.0658 0.179
.2.9 36.1 0.102 0.188
.2.9 34.1 0.109 0.189
6.61 0.371 0.510 0.0832
6.67 .(.11* 0.371 0.0892
6.70 .1.1.0 0.293 0.0973
6.70 0.1.55 0.21.6 0.105
6.71 0.1.58 0.239 0.1U7

6.71 0.1.60 0.232 0.109
6.71 .1.62 0.225 0.110
6.71 .464 0.219 0.112
6.71 0.465 0.211. 0.113
6.71 0.467 0.209 0.115
6.70 0.468 0.204 3.116
6.70 0.470 0.199 0.118
6.70 0.471 0.194 0.119
6.70 0.1.72 0.190 3.121
6.7C 0.1.77 0.171 0.128

7.5 0.3355 37.4 6.68 .484 0.144 0.142 18.0
8.0 0.3130 48.1 6.68 3.487 0.134 0.148 18.9
8.5 0.2935 42.9 6.67 8.489 0.125 0.155 19.7
9.0 0.2763 45.6 6.67 0.490 0.117 0.161 28.6
9.5 0.2510 48.2 6.66 0.492 0.110 0.167 21.4

10.0 0.2474 53.9 6.66 3.493 0.104 0.172 22.2
11.0 0.2242 56.3 6.65 8 .495 0.0939 3.184 23.8
12.0 0.2049 61.5 6.64 0.496 0.0856 3.194 25.2
13.0 0.1S88 66.9 6.64 0.497 0.0 78 6 3.284 26.7

lb. 3 0.1751 72.2 6.63 0.498 0.0727 0.214 28.1
15.3 0.1532 77.4 6.63 .493 0.0677 3.223 29.4
16.3 0.1529 82.7 6.62 0.499 0.0633 0.232 38.7
17.3 0.1438 88.3 6.62 0.499 0.0 59 5 3.241 32.0
18.0 0.1357 93.2 6.62 0.499 0.0561 0.249 33.2
19.0 0.1285 98.5 6.62 0.499 0.0531 3.258 34.4
20.0 0.1220 104.0 6.61 0.503 0.0504 3.266 35.6
21.0 0.1162 109.0 6.61 0.533 0.0479 3.274 36.8
22.0 0.1109 114.0 6.61 8.500 0.0 45 7 0.282 37.9
23.0 0.1363 119.8 6.61 0.500 0.0437 3.289 39.0

24.0 0.1016 125.11 6.61 0.503 0.0 418 0.297 40.1
25.0 0.0975'1 130.0 6.61 3.500 0.0 401 3.304 41.1
26.0 0.09375 135. D 6.60 .500 . 38 6 0.312 42.2
28.3 0.08704 145.0 6.60 0.500 0.0 35 8 0.326 44.2
30.0 0.08122 156.0 6.60 0.500 0.0334 3.340 46.2
32.0 0.07614 166. C 6.60 0.501 0.0313 3.354 48.1
34.0 0.07166 177.0 6.60 0.5C1 0.0294 3.367 50.3
36.0 0.D5767 167.0 6.60 0.501 0.0278 3.380 51.8
38.0 0.05411 198.0 6.59 .501 0.0263 3.393 53.6
48.0 0.05090 208.0 6.59 0.501 0.0 25 3.406 55.3

45.3 0.05414 234.0 6.59 0.501 . 22 2 3.437 59.5
50.0 0.04872 260.0 6.59 0.501 0.0200 3.467 63.5
55.0 0.04430 286.0 6.59 0.501 0.0182 3.496 67.4
63.0 0.04D61 312.0 6.59 0.501 . 3 16 7 0.525 71.1
55.0 0.03748 338.0 6.59 0.501 0.015 4 0.552 74.7
70.0 0.03481 364.0 6.59 0.500 0.014 3 0.580 78.2
75.0 0.03249 390.0 6.59 0.503 0.0133 3.607 81.6
80.0 0.03046 416.0 6.59 3. 503 0.0125 3.633 85.0
90.0 0.02708 468.0 6.58 3.503 0.0111 3.685 91.4

100.0 0.02437 520.3 6. 58 0.503 0.0 13 3.735 97.7

125.0 0.01953 650.0 6.56 3. 530 0.00830 3.855 111.0
153.0 3.81625 779.0 6.58 3.503 .00666 0.969 125.0
175.0 0.01393 909.3 6.58 0.5u3 0.00571 1.08 138.0
200.0 0.01219 1040.0 6.58 0.503 0.00500 1.18 151.0
225.0 0.01084 1170.0 6,58 0.503 0.00444 1.28 164.;
253.0 O. 009753 1300.0 6.58 0.500 0.30430 1.37 176.0
275.0 0.008867 1430.0 6.58 0.530 0.0036- 1.46 188. S

308.3 0.038128 1560.0 6.58 0.500 0.00333 1.55 199.0
353.8 0.086967 1820.0 6.58 0.533 0.00286 1.72 222.3
40 3.0 0.006096 2080.0 6.58 0.503 0.00250 1.89 243.0

450.0 0.035419 2340.

D

6.58 0.580 C.C0222 2.05 264.0
500.0 .004877 26 0.0 6.58 0.500 0. 30203 2.21 284.0
630.0 0.334064 3123.0 6.58 3.500 0.03167 2.51 322.0
700.0 0.003484 3643.3 6.58 0.500 0.00143 2.80 359.0
838.0 0.003048 4150.

C

6.58 0.500 0.00125 3.07 394.0

9j 3.3 3.002710 4670.0 6.58 0.5C3 0.00111 3.34 428.0
1003.0 0.032439 5190.3 6.58 0.503 0.00133 3. 60 462.0

1100.0 0.032217 5710.0 6.58 3.500 0.000909 3.85 494.0

120 0.8 0.032032 6230.0 6.58 0.500 0.000833 4.1C 525.0
1300.0 0.001876 6750.0 6.58 0.5,0 0.u0o769 4.34 556.0

1400.0 0.001742 7270.0 6.58 0.500 0.030714 1.57 586.0
1530.0 0. 331626 7790.0 6.58 3.530 .000667 4.80 615.0

.000545 1 ,05485 .481
,030527 1,,05339 .500
,003446 1 ,05119 ,579

3 ,003435 1,.05034 .592
,00131 1 ,00321 . 960
,00194 1..03266 .785
,00267 1,,03226 .741
,00344 1 ,03197 .717
,00360 1,,03193 .714

3 ,00376 1,,03188 .711
0,,00392 1.,00184 .708
0,,00408 1,.33180 .706
3 ,00424 1,.00176 .703
,00441 1,,00172 .701

0.,03458 1,,03169 ,699
,00475 1.,03165 .693

0.,00492 1,,00162 .696
3 ,00509 1.,00159 .694
,00597 1,.C3145 .689

0.,00689 1,,00134 ,605
0.,00785 1..00124 ,683
0,,00884 1,.00116 .682
3 ,00987 1,,00109 bez
.0109 1,,00102 .681

0..0120 1,,03097 .682
.0132 1.,03092 .682
,0155 1,,03083 .684
.0180 1 ,00076 .686
,0206 1.,03070 .688

,0233 1,.0SC65 .690
,0261 1.,03060 .691
.0290 1,.03057 .693

0,.0321 1,.0JO53 ,695
.0352 1..03050 .697

3 .0384 1,.00048 ,698
.0417 1,,00345 ,099

3..0452 1,.00043 .701
0..0487 1.,03041 .702
0,.0523 1.,00039 ,703

.,0561 1,,03038 0,,704
0,.0599 1,,03036 .704
0,.0638 1.,03035 ,705
.0719 1,,03332 .716

Oi.0834 1,,00333 3 ,707
G .0893 1,,33028 ,708
3 ,0985 1.,03027 ,708
3 ,108 1,,03025 .709
3 ,118 1..00324 ,709
,128 1..03323 .709

,155 1..00323 ,7C8
,184 1,,33018 ,P,f

,216 1 ,33316 ,7C6
,249 1,,33315 .704
.284 1 . J ') 3 1

4

.7:2

3 ,321 1,,33013 .701
,359 1 ,33312 .699
,400 1,.03011 ,697
,487 1,.33010 ,694
.581 1,,03009 .691

3 ,844 1,,01337 ,673
1 ,15 1,.03006 .670
1 .49 1,,03005 ,668
1..86 1,,00005 ,667

2 .27 1.,03004 ,666
2 .71 1,,00004 .667
3 ,17 1.,03003 ,667

3 ,67 1 ,03 30 3 .669
4 ,76 1.,03003 .668
5 .96 1,.00002 .668

7 .28 1,,00002 ,668

a .71 1,,00302 .668

i ,9 1,,00002 .667
5 ,4 1,,00001 ,667
9 .4 1 .00001 ,667

3 .7 1,,33001 ,666
8 .4 1,,03001 ,666
3 ,4 1,,03031 ,666
a .a 1,,03001 ,666
•*•.5 1,.03001 .666

o .5 1,.03331 ,666
,9 1,,00001 ,666

HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



0.6 ATHOSPHERE ISOBAR
THERMODYNAMIC PRCPFRTIFS OF HELIUM 4

EHPERATURE VOLUME
:c/g

DEG. K ** X .01

2 172 06783
2 5 06851
3 07032
3 5 07323
3 723 07509
3 723 9757
4 1 111
4 5 1 330
5 1 533
5 1 1 573

5 2 1 612
5 3 1 651
5 4 1 689
5 5 1 728
5 6 1 766
5 7 1 801.

5 S 1 81.2

5 9 1 890
6 1 917
6 5 2 103

7 2 286
7 5 2 1(68

8 2 61(8

6 5 2 827
9 3 005
9 5 3 182

10 3 358
11 3 710
12 i. 059
13 i* 1(08

14 It 755
15 5 102
16 5 1(1(8

17 5 794
18 6 139
19 6 1(8 3

20 a 6 823
21 7 172
22 7 516
23 7 S60

24 8 203
25 8 5K7
26 8 89
26 9 576
30 10 26
32 10 95
31. a 11 63
36 12 32

38 13 00
1(0 13 69

.5 15 1(0

50 17 11
55 18 82
60 20 53
65 22 24
70 23 94
75 25 65
80 27 36
90 30 78

10 31. 20

125 i(2 74

15 51 23
175 59 82
200 68 37
225 a 76 91
250 85 1(5

275 93 99
300 102 5

350 119 6

1.00 136 7

1(5 153 8

500 170 9
600 205
700 239 2

800 273 it

900 307 5

1000 31(1 7

1100 375 9

1200 1(10 a

130C 444 2

1*00 1.78 4

1500 512 5

ISOTHERM
DERIVATIVE
CC-ATM/G

451..

372.0
272.0
221..

41.1.

51.8
67.7
81.8

89.7
92.3
94.8
97. 4

100.0
102.0
105.0
107.0
119.0

131.0
11(3.0
15"..

165.0
176.0
187.0
198.0
220.0
21(1.0

262.0

261..

305.0
326.0
31(7.0

368.0
389.0
1.09.0

430.0
1(51.0
1(72.0

1(92.0

513.0
531..

575.0
616.0
658.0
699.0
740.0
781.0
822.0

925.0
1030.0
1130.0
1230.0
1340.0
1440.0
1540.0
1640.0
1850.0
2050.0

2570.0
3080.0
3590.0
4100.0
462C.0
5130.0
5640.0
6150.0
7180.0
8200.0

9230.0
10300.0
12300.0
14400.0
16400.0
18500.
20500.0
2 26 . C

24600.0
2 6700.0

28700.0
30800.0

ISOCHORE INTERNAL
DERIVATIVE ENERGY

ATM/K J/G

2.64 3.922
3.42 4. 996
3.72 6.337
3.74 7.061
0.225 23.94
0.195 25. 13
0.160 27. 06
0.138 28.85
0.134 29.20

0.131 29.55
0.128 29.89
0.125 30.24
0.122 30.58
0.119 30.92
0.116 31.25
0.114 31.59
0.112 31.92
0.109 32.26
0.100 33.91

0.0914 35.55
0. 0846 37.18
0.0787 38.79
0.0737 40.40
0.0693 42.0
0. 0654 43.59
0.0619 45.19
0.0560 48.36
0.0511 51.52
0.0470 54.68

0. 0435 57.83
0. 0406 60.98
0.0380 64. 12
0.0357 67.26
0.0336 70.40
0. 0318 73.54
0. 0302 76.67
0. 0288 79.61
0.0274
0.0262

0.0251
0.0241
0. 0232
0.0215
0.0201
0.0188
0. 0177
3.0167
0.0158
0. 0150

0.0133
0.0120
0.0109
0.0100
0.00924
0. 00857
0.00800
0. 00750
0.00667
0. 00600

0.00480
0.00400
0.00343
0.00300
0.0C267
0. 00240
0. 00218
0. 00200
0. 00171
0. 00150

0.00133
0. 00120
0.00100
0.000857
0. OOC750
0. 000667
0.000600
0. 000545
0.000500
0.000462

86. 7

89.20
92.32
95.45
101.7
108.
114.2
120.4
126.7
132.9
139.2

154.8
170.4
186.0
201.5
217.1
2 32.7
248.3
263.9
295.1
326.2

404. 1

482.0
559.9
637.8
715.7
793.6
871.5
949.4

1105.
1261.

1417.
1573.0
1884.
2196.0
2507.0
2819.
3131.
3442.0
3754.0
4065.0

4.339
5.424
6.782
7.518

29.87
31.89
35.15
38.17
3 8.76

39.35
39.93
40.51
41.08
41.65
42.22
4 2.79
43.35
43.91
46.70

49.45
52.18
54.89
57.58
6 0.26
62.94
65.60
70.91
76.20
81.48

86.74
92.00
97.24

102.5
107.7
113.0
118.2
123.4
128.6
133.8

139.1
144.3
149.5
159.9
17 0.3
180.7
191.2
201.6
212.0
222.4

246.4
274.4
300.4
326.3
352.3
378.3
404.3
430.2
482.2
534.1

664.0
793.8
923.6

1053.0
1183.0
1313.0
1443.0
1573.0
1832.0
2092.0

2352.0
2611.0
3131.0
3650.0
4169.0
4689.0
5208.0
5727.0
6247.0
6766.0

ENTROPY

J/G-K

1.964
2.360
2.778
2.982
8.993
9.515
10.28
10.92
11.04

11.15
11.26
11.37
11.48
11.58
11.68
11.78
11.87
11.97
12.41

12.82
13.20
13.55
13.88
14.18
14.47
14.74
15.25
15.71
16.13

16.52
16.89
17.22
17.54
17.84
18.12
18.39
18.65
18.89
19.12

19.34
19.56
19.76
20.15
20.51
20.84
21.16
21.46
21.74
22.00

22.62
23.17
23.66
24.11
24.53
24.91
25.27
25.61
26.22
26.77

27.93
28.87
29.67
30.37
30.98
31.53
32.02
32.47
33.27
33.97

34.58
35.12
36.07
36.87
37.57
38.18
38.72
3°. 22
39.67

VELOCITY
OF SOUND

1.896
1.915
2.107
2.185
3.313
3.241
3.174
3.142
3.138

3.135
3.132
3.129
3.127
3.125
3.123
3.121
3.120
3.119
3.115

3.113
3.112
3.112
3.113
3.113
3.113
3.114
3.115
3.115
3.116

3.116
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117

3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117

3.117
3.117
3.117
3.117
3.117
3.116
3.116
3.116
3.116
3.116

3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

3.116
3.116

2 079 224 5
2 389 216 8

3 074 200 4
3 514 191 O

7 718 98 66
6 907 105 8

6 232 116 1
5 912 124 9
5 867 126 5

5 827 128 1
5 791 129 6
5 756 131 2
5 729 132 7
5 701 134 2
5 676 135 6
5 653 137 1

5 632 138 5
5 613 139 9
5 534 146 5

5 477 152 8

5 435 158 8
5 402 164 5
5 376 169 9
5 355 175 2
5 338 180 3
5 323 185 .2

5 301 194 6
5 284 203 5
5 271 212 1

5 261 220 2
5 252 228 1
5 245 235 ,7

5 239 243 O

5 234 250 1
5 230 257
5 226 263 7
5 223 270 2
5 221 276 6
5 218 282 8

5 216 288 9
5 214 294 9
5 213 300 7
5 210 312
5 208 323
5 206 333 6
5 204 343 8
5 203 353 7

5 202 363 4
5 201 372 8

5 199 395 4
5 198 416 7
5 197 437
5 196 456 4
5 196 475
5. 195 492 9
5 195 510 1

5 195 526 8

5 194 556 7
5 194 588 9

5. 194 658 3
5 193 721
5. 193 778 7
5. 193 832 4
5. 193 882 9
5 193 930 e
5. 193 976
5 193 1019
5. 193 1101
5 193 1177

5. 193 1248
5 193 1316.
5. 193 1441
5 193 1557
5 193 1664
5. 193 1765.
5. 193 1861
5. 193 1951.
5. 193 2038.
5. 193 2121.

5. 193 2201,
5. 193 2279.

THO-PHASE EOUNOARY
NUMBERS IN THIS COLUHN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



0.6 ATMOSPHERE ISOBAR
THERNOPHYSICAL PROPERTIES OF HELIUM 4

TEMPERATURE OEMSITY VfOH/OV)
P

J/G

V(OP/DUI
v

ATM-CC/J

THERMAL VISCOSITY
CONDUCTIVITY

HW/CM-K G/CM-S

THERMAL
OIFFUSIVITY

SQ-CM/S

2.172
2.5
3.0
3.5
3.723
3.723
4.0
*.5

7.0
7.5

10.0
11.0

17.0
18.0

100.0

125.0
150.0
175.0
200.0
225.0
25 0.0
275.0
300.0
350.0
1.00.3

1.5 0.0
500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
120 0.0
130 0.0

Ik. 74
It. 60
14.22
13.66
13.32
1.025
0.9002
0.7519
0.6523
0.6359

0.620".
0.60 5 8

0.5919
0.5788
0.5562
0.5543
0.51.29
0.5320
0.5216
0. 4755

0.4371.
0.4052
0.3777
0.353S
0.3328
0.3143
0.2978
0.2696
0.2464
0.2269

0.2103
0.1960
0.1836
0.1726
0.1629
0.1542
0.1465
0.1394
0.1331
0.1272

0.1219
0.1170
0.1125
0.1044
0.09745
0.09135
0.08597
0.08119
0.07691
0.07307

0.06495
0.05846
0.05314
0.04872
0.04497
0.04176
0.03898
0.03655
0.03249
0.02924

0.02340
0.01950
0.01672
0.01463
0.01300
0.01170
0.01064
0.009753
0.008360
0.007315

0.006503
0.005853
0.004877
0.004181
O.00365B
0.003252
0.002927
0.002661
0.002439
0.002251

52.1
36.9
30.7

25.2
25.8
26.4

109.0
114.0
119.0

125.0
130.0
135.0
145.0
156.0
166.0
177. C

187.0
198.0
208.0

234.0
260.0
286.0
312.0
338.0
364.0
390.0
416.0
468.0
520.0

650.0
779.0
909.0

1040.0
1170.0
1300.0
1430.0
1560.0
1820.0
2080.0

2340.0
2600.0
3120.0
3640.0
4150.0
4670.0
5190.

D

5710.0
6230.0
6750.0

6.63
6.63

6.58
6.58

52 .9

37.1

.540
0.543
.546

0.5»9
.551

0.554
.556

j .558
0.563
0.567

0.573
.578

0.581
.584
.586
.588

0.590
0.592
0.594
.595

0.596
.597

0.598
.598
.599
.599
.600

0.600
0.600
0.600

0.600
0.600
0.600
.601

0.601
0.601
0.601
0.601
J.6ul
0.601

0.601
0.601
0.601
0.601
0.601
0.601
0.6U1
0.601
0.601
0.601

0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.603
0.600
0.600

0.600
0.600
0.600
0.600
0.600
0.600
3.600
0.630
0.6C0
0.600

.3399

.0647

0.315
0.259
0.250

0.242
0.2 35
0.228
0.222
C.216
0.210
0.205
0.230
0.196
0.175

0.159
0.146
0.135
0.126
C.118
0.111
0.105
0.0 94 5

0.0 86 J

0.079.

0.0733
0.C679
0.0 63 5

0.0596

. 48 3

0.0 45 7

0.0437

.0334

.0313

.0294

.0278

.0263

.0250

.0222

0.108

0.109
0.111
0.112
0.114
0.116
0.117
0.119
3.123

.136

.142

.149

.155

.161

.167

.173

3.253
0.258
3.266
3.27*
0.282
0.29C

3.297
0.305
0.312
0.326
0.340
0.354
3.367
0.380
0.393
0.406

437

018 2 496
0167 525
0154 553
014 3 580
313 3 607

c 0125 .633
0111 G 685
0100 3 735

G0799 855
00666 969
00571 1 08
G3503 1 18
00444 1 26

G 30400 1 37
30364 1 .46

00333 1 55
00286 1 72
30250 1 .89

00222 2 05
00200 2 21

c 03167 2 51
u 03143 Z .80

00125 3 .37

03111 3 .34
00100 3 .60

000909 3 .85

G 03U833 4 10

" 030769 4 .34

G00714 4 .57
003667 4 80

176.
188.
199.
222.

494.
525.
556.

3.303543
).tGu5Z9
3.000449
C.G3C409
3.33111
0.GC147
3.03210
3.03276
0.C3269

3.00333
0.3C316
0.0C32C
S. 00344
3.00358
3. 00372
0.00396

3.33489

3.03567
3.00647
3.0372G
:.C3816
3.00935
3.013C
3.3139
3.0129
3.ul49
3.3171

3.0194
3.0217
D . 24

1

3.0267
J. 3292

.0630

.0673

.180

.207

.236

3.704
3.956
1.24

5133
.35304
03380
.,33.
Gj279
03242
33236

33230
.0322.
.03219
.03214
.33213
.03205
03201
33197

.03193

.03176

.;;162

.03153

. a ~, 14

.03131

.33123

.33116
33113

.0310
391

.03384

.L3078

.0DC73

.33068
u3064
33363
.33057

3039
.03036

.00024

.33322

.03320
33018
33317
33315

.30014

.33014

.00012
00311

33339
03007

.03006

.03005

.03003

.0 3 02

.00002

.00002
3J002
00001
03031
.03001
.33001

0.461
0.5C0
0.5 77
0.627
0.916
0.840
0.772
0.738
0.734

0.729
0.725
0.722
0.719
0.716
0.713
0.711
0.709
0.7C7
0.699

0.693
G.690
0.688
0.687
0.686
0.686
0.686
0.687
0.688
0.690

0.691
0.693
0.695
0.696
0.698
0.699
0.700
0.701
0.7G2
0.7G3

0.7C4
0.7t5
0.706
G.707
0.7C8
0.7C8
0.7C9
0.7C9
0.709
0.7G9

0.708
0.7C7
0.7G6

0.731
0.699
0.697
0.694
0.691

U.673
0.673
0.668
0.667
0.666
0.667
0.667
0.669
0.668
0.668

0.668
0.668
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

TKO-PHASE BOUNDARY
NUHBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATED FACTOR



0.7 ATMOSPHERE ISOBAR
THERMODYNAMIC PROPERTIES OF HELIUM 4

TEMPERATURE VOLUHE
CC/G

DEC K »• X .01

' z .171 .06773
2 .5 .0681.0
3 .0 .07018
3 .5 .07303

' 3 .866 .07627
' 3 .866 .81.31.

4 .0 .90%2
4 .5 1 .105
5 ,0 1 .266
5 .1 1 .321

5 .2 1 .356
5 .3 1 .390
5 .4 1 .1.21.

5 ,5 1 .1.5 8

5 ,6 1 .1.91

5,.7 1 .525
5 .6 1 .556
5 ,9 1 .591
6 ,0 1 ,623
6,.5 1 .785

7 .0 1 .944
7,,5 2 ,102
e,.0 2 ,257
e,.5 2 .1.12

9,,0 2 ,565
9..5 2 .718

10,,0 2 ,87

11,,0 3 .173
12,,0 3,.1.7 3

13.,0 3,.773

14,,0 4,,072
15,,0 4,,370
ie. It.,66 7

17,,0 4,.961.

16,,0 5,,26

19, 5.,556
20.,0 5, 852
21,,0 6,,11.7

22, 6.,1.1.2

23.,0 6.,737

2"..,0 7,,032
25, 7, 326
26, 7,,621
26.,0 8. 209
30,,0 8,,797
32.,0 9,,385
34. 9,,97

36. 10, 56
38. 11,,15
".0. 11,,73

45. 13,,20

50. lit, 67
55. 16. 13
60. 17,,60
65, 19, 06
70. 20,,53
75. 21. 99
80. 23. 1.6

90. 26, 39
100,,0 29, 32

125. 36.,61.

150. ".3. 96
175. 51. 28
200. 58. 60
225, 65, 93
250, 73, 25
275, 80. 57
300, 87. 89
35 0, 102. 5
400. 117. 2

1.5 C. 131. 8

500. 11.6. 5

600.,0 175.,7
70 0. 205.,0

800. 23".. 3

90 0, 263,,6
1000. 292, 9
1100,,0 322,,2
1200, 351, 5

1300.,0 360,,7

11.00. 1.10.

1500. ".39, 3

ISOTHERH
DERIVATIVE
CC-ATM/G

1.59.0

378.0
278.0
199.0
39.8
1.5.1.

63.0

83.6
86.3
89.0
91.7
91..

3

96.9
99.5

102.0
105.0
117.0

129.0
11.1.0
152.0
161..

175.0
186.0
197.0
219.0
240.0
262.0

26 3.0
30i«.

325.0
31.6.0

367.0
386.0
1.09.0

1.30.0
1.51.0
1.72.0

1.92.0
513.0
531..

575.0
617.0
658.0
699.0
71.0.0

782.0
823.0

926.0
1030.0
1130.0
1230.0
131.0.0
11.1.0.0

151.0.0
1640.0
1850.0
2050.0

2570.0
3080.0
3590.0
1.100.0
1.620.0
5130.0
561.0.0
6150.0
7180.0
8200.0

9230.0
10300.0
12300.0
11.1.00.0

161.00.0
18500.0
20500.0
2 2600.0
21.600.0
26700.0

28700.0
30800.0

ISOCHORE INTERNAL
DERIVATIVE ENERGY

1STM/K J/G

2 .64 3 .913
3 .1.3 4,.979
3 .73 6 ,308
3 .71. 7 ,538
.263 24 .05

0,.21.3 24 .67
.195 26 .73
,165 28 ,59
.161 28,.95

.156 29 ,30
,152 29 .65
.11.9 30 .00
,11.5 30 ,35
.11.2 30 .70

0, . 138 31..04
.135 31 ,38
.133 31 ,72

0,,130 32, , 06
0,.118 33 .74

0, , 108 35 ,39
0,,100 37 , 03
0,.0926 36,.65
0,,0866 40,.27
0,,0813 41 ,86
0,,0767 43 ,48
0..0726 45 . 08
0,,0656 48 .26
D,.0596 51,.43
0,,0550 54 ,60

0,,0509 57,.75

0,,01.71. 60,.91
0. , 0444 64. , 06
0.,01.17 67,.20

0,,0393 70,,34
0,,0372 73,,48
0, 0353 76,,62
0.,0336 79,,76

0,,0320 82,.89
0.,0306 86.,02

0,,0293 89,,15
0.,0282 92,,28

0. 0271 95,,41
0..0251 101. 7

0, 0234 107.,9
0, 0219 114. 2

0, 0206 120.,4
0, 0195 126, 7

0,,0185 132. 9

0.,0175 139.,1

0, 0156 154, 7

0.,011.0 170. 3

0. 0127 165. 9

0,,0117 201. 5

0, 0106 217. 1

0,,0100 232.,7
0, 00934 248, 3

0, 00875 263, 9
0, 00778 295, 1

0. 00700 326, 2

0, 00560 404, 1

0, 00467 4 82,

0, 0O400 559. 9
0. 00350 637. 8

0. C0311 715. 7

0, 00280 793, 6

0,,00255 871, 5

0, 00233 949. 4

0, 00200 1105.
0, 00175 1261.

0, 00156 1417.
0, 00140 1573.
0, 00117 1884.
0, 00100 2196.
0, 000875 2507,
0, 000778 2819.
0. 000700 3131.
0, 000636 3442.
0. 000583 3754.
0, 0OC538 4065,

0. 000500 4377.
0. 000467 4688.

4.398
5.477
6.826
8.079

30.03
31.08
34.57
37.71
38.32

38.92
39.51
40.10
4 0.69
41.27
41.85
42.43
43.00
43.57
46.40

49.16
51.93
54.66
57.37
60.07
62.76
65.43
7 0.76
76.07
81.36

66.64
91.90
97.16
102.4
107.7
112.9
116.1
123.4
126.6
133.8

139.0
144.2
149.5
159.9
17 0.3
180.7
191.1
201.6
212.0
222.4

248.4
274.4
300.4
326.4
352.3
378.3
404.3
43 0.3
482.2
534.2

664.0
793.8
92 3.7

1054.0
1183.0
1313.0
1443.0
1573.0
1632.0
2092.0

2352.0
2611.0
3131.0
3650.0
4169.0
4689.0
5208.0
5727.0
6247.0
6766.0

ENTROPY

J/G-K

1.960
2.354
2.769
3.109
6.792
9.060
9.882
10.54
10.66

10.78
10.89
11.01
11.11
11.22
11.32
11.42
11.52
11.61
12.07

12.48
12.86
13.21
13.54
13.85
14.14
14.41
14.92
15.38
15.81

16.20
16.56
16.90
17.22
17.52
17.80
18.07
18.33
18.57

19.0 2

19.24
19.44
19.83
20.19
20.52
20.84
21.14
21.42
21.68

22.30
22.84
23.34
23.79
24.21
24.59
24.95
25.29
25.90
26.45

27.61
28.55
29.35
30.05
30.66
31.20
31.70
32.15
32.95
33.65

34.26
34.80
35.75
36.55
37.25
37.86
38.40
38.90
39.35
39.77

40.15
40.51

VELOCITY
OF SOUND

1.891
1.914
2.105
2.234
3.323
3.281
3.192
3.151
3.146

3.141
3.137
3.134
3.131
3.128
3.126
3.124
3.122
3.121
3.115

3.113
3.112
3.112
3.112
3.112
3.113
3.113
3.114
3.115
3.116

3.116
3.117
3.117
3.117
3.118
3.118
3.118
3.118
3.118
3.116

3.118
3.118
3.118
3.118
3.116
3.117
3.117
3.117
3.117
3.117

3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.116
3.116
3.116

3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

3.116
3.116

2,,070 225.8
2,,360 218.2
3,,054 202.2
3,,834 186.1
8,.153 99.41
7,,580 103.1
6,.534 114.3
6,,089 123.6
6..030 125.3

5,.977 127.0
5..930 128.6
5 .887 130.2
5,.848 131.7
5,,813 133.3
5..781 134.8
5 ,752 136.2
5,,725 137.7
5,,700 139.1
5,.601 145.9

5,,531 152.3
5,,479 158.4
5.,440 164.2
5,,409 169.7
5,,363 175.0
5,,363 160.1
S,.345 185.1
5 ,319 194.5
5..299 203.5
5,.284 212.1

5,,272 220.2
5,,262 228.1
5,,254 235.7
5,,247 24 3.0
5,.241 250.2
5. 236 257.1
5..232 263.8
5,,226 270.3
5.,225 276.7
5. 222 282.9

5,,220 289.0
5. 218 295.0
5,,216 300.6
5,,213 312.2
5. 210 323.1
5.,208 333.7
5.,206 34 3.9
5,,205 353.9
5. 204 363.5
5, 202 373.0

5. 200 395.5
5. 199 416.8
5. 198 437.1
5, 197 456.5
5. 196 475.1
5. 196 493.0
5. 195 510.2
5. 195 526.9
5. 195 558.8
5. 194 589.0

5. 194 658.3
5. 193 721.1
5. 193 778.8
5. 193 832.5
5. 193 882.9
5. 193 930.6
5. 193 976.0
5. 193 1019.0
5. 193 1101.0
5. 193 1177.0

5. 193 1248.0
5. 193 1316.0
5. 193 1441.0
5. 193 1557.0
5. 193 1664.0
5. 193 1765.0
5. 193 1861.0
5. 193 1951.0
5. 193 2038.0
5. 193 2121.0

5. 193 2201.0
5. 193 2279.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



0.7 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM 4

THERHAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

DEG.K g/cc
« X IDC

j/s ATN-CC/J ATM 1/DEG.K HH/CH-K G/CH-S
X 1000000

SQ-CH/S

2.1?l 14.77
2.5 14.62 52.7 9.55 67.2 0.0393 0.167 38.7 0.000550 1.05502 0.481
3.0 14.25 37.4 12.6 53.8 0.0637 0.180 37.9 0.000532 1.05360 0.500
3.5 13.69 31.1 13.0 38.1 0.0 981 0.189 35.7 0. 000453 1.05148 0.575
3.856 13.11 26.8 12.8 26.1 0.143 0.193 33.5 0.000384 1.04926 0.664
3.866 1.186 14.6 6.66 0.471 u.557 0.0928 11.0 0.000960 1.00440 0.966
It .a 1.106 15.7 6.69 0.502 0.483 0.0937 11.3 0.00112 1.00410 0.913
4.5 0.9048 19.2 6.74 0.570 0.341 0.100 12.4 0.00169 1.00335 0.809
5.0 0.7774 22.3 6.75 0.607 0.273 0.107 13.4 0.00227 1.00288 0.762
5.1 0.7569 22.9 6.75 0.612 0.263 0.109 13.6 0.00238 1.00280 0.755

5.2 0.7376 23.6 6.75 0.617 0.254 0.110 13.8 0.00250 1.00273 0.750
5.3 0.7194 24.2 6.75 0.621 0.245 0.112 14.0 0.00262 1.00267 0.744
5.4 0.7023 24.8 6.75 .625 0.238 0.113 14.2 0.00274 1.00260 0.740
5.5 0.6860 25.4 6.75 0.629 0.2 31 0.115 14.4 0.00286 1.00254 0.735
5.6 0.6706 26.0 6.75 0.632 0.224 0.116 14.6 0.00298 1.00248 0.732
5.7 0.6559 26.5 6.75 .636 0.218 0.118 14.8 0.00311 1.00243 0.728
s.e 0.6420 27.1 6.75 0.639 0.212 0.119 15.0 0.00323 1.00238 0.725
5.9 0.6287 27.7 6.75 0.642 0.207 0.121 15.2 0.00336 1.00233 0.722
6.0 0.6160 28.3 6.75 0.644 0.201 0.122 15.4 0.00348 1.00228 0.719
6.5 0.5602 31.2 6.74 0.655 0.180 0.129 16.4 0.00412 1.00207 0.709

7.0 0.5143 34.0 6.73 0.663 0.163 0.136 17.3 0.00479 1.00190 0.702
7.5 0.4758 36.8 6.73 0.669 0.149 0.143 18.2 0.00548 1.00176 0.697
8.0 0.4430 39.6 6.72 0.6 74 0.137 0.149 19.1 0.0062C 1.00164 0.694
8.5 0.4146 42.4 6.71 0.678 0.128 0.156 19.9 0.00694 1.00154 0.692
9.0 0.3898 45.1 6.70 0.681 0.119 0.162 20.8 0.00771 1.00144 0.691
9.5 0.3679 47.8 6.70 0.684 0.112 0.168 21.6 0.00850 1.00136 0.690

1O.0 0.3.84 50.5 6.69 0.686 0.106 0.173 22.4 0.00931 1.00129 0.689
11.0 0.3152 55.9 6.68 .689 g. i)95i 0.18V 23.9 O.llllC 1.00117 0.690
12.0 0.2879 61.3 6.67 0.692 0.0 86 5 0.195 25.4 0.0128 1.00107 0.691
13.0 0.2650 66.6 6.66 0.694 0.0 79 3 0.205 26.8 0.0146 1.00098 0.692

14.0 0.2456 72.0 6.65 0.695 0.0733 0.214 28.2 0.0166 1.05091 0.693
15.0 0.2288 77.3 6.65 .696 0.0681 0.224 29.5 0.0186 1.00085 0.694
16.0 0.2143 82.6 6.64 0.697 0.0636 0.233 30.8 0.0207 1.00079 0.696
17.0 0.2015 87.8 6.64 0.698 0.0597 0.242 32.1 0.0228 1.00075 0.697
18.0 0.1901 93.1 6.63 .698 0.0 56 3 0.250 33.3 0.0251 1.03070 0.699
19.0 0.13 96.4 6.63 0.699 0.0532 0.258 34.5 0.0274 1.00067 0.7C0
20.0 0.1709 104.0 6.63 0.699 0.0505 0.266 35.7 0.0298 1.00063 0.701
21.0 0.1627 109.0 6.62 0.700 0.0490 0.274 36.8 0.0323 1.00060 0.7C2
22.0 0.1552 114.0 6.62 0.700 . 45 8 0.282 38.0 0.0348 1.00057 0.703
23.0 0.1484 119.0 6.62 0.700 0.0438 0.290 39.1 0.0374 1.00055 0.704

2i>.0 0.1422 125.0 6.62 O.700 0.0 419 0.297 40.2 0.0401 1.00053 0.705
25.0 0.1365 130.0 6.62 .700 0.0 40 2 0.305 41.2 0.0428 1.00051 0.705
26.0 0.1312 135.0 6.61 0.701 0.0386 0.312 42.3 0.0456 1.00049 0.706
28.0 0.1218 145.0 6.61 0.701 . 35 8 0.326 44.3 0.0514 1.00045 0.707
30.0 0.1137 156.0 6.61 0.701 0.0334 0.340 46.3 0.0575 1.00042 0.70 8

32.0 0.1066 166.0 6.61 0.701 0.0 313 0.354 48.2 0.0638 1.00039 0.708
34.0 O.1O03 177.0 6.60 0.701 0.0294 0.367 50.0 0.0704 1.00037 0.709
36.0 0.09470 187.0 6.60 0.701 0.0 27 8 0.381 51.8 0.0772 1.00035 0.709
38. D 0.08971 198.0 6.60 0.7k1 0.0263 0.393 53.6 0.0843 1.00033 0.709
40.0 0.08522 208.0 6.60 0.701 0.0250 0.406 55.4 0.0916 1.00032 0.709

1.5.0 0.07576 234.0 6.60 0.701 0.0222 0.437 59.5 0.111 1.00028 0.708
50.0 0.05818 260.0 6.59 0.701 0.0 20 0.467 63.5 0.132 1.00025 0.707
55.0 0.C6199 286.0 6.59 0.701 0.0182 0.496 67.4 0.154 1.00023 0.706
60.0 0.05683 312.0 6.59 0.701 . 16 7 0.525 71.1 0.178 1.00021 0.704
65.0 0. 05246 338.0 6.59 .701 0.0154 0.553 74.7 0.203 1.00019 0.702
70.0 0.0*871 364.0 6.59 0.701 0.0143 0.580 78.2 0.229 1.00018 0.701
75.0 0.04547 390.0 6.59 0.701 0.0133 0.6C7 81.6 0.257 1.00017 0.699
80.0 0.04263 416.0 6.59 0.701 0.012 5 0.633 85.0 0.286 1.00016 0.697
90.0 0.03790 468.0 6.59 0.701 0.0111 0.685 91.5 0.348 1.C0014 0.694
100.0 0.03411 526.0 6.59 0.701 0.010 0.735 97.7 0.415 1.00013 0.691

125.0 0.02729 650.0 6.58 0.701 0.00799 0.855 111.0 0.603 1.00010 0.673
150.0 0.02275 780.0 6.58 0.700 0.00666 0.969 125.0 0.820 1.00008 0.670
175.0 0.01950 909.0 6.58 0.700 0.00571 1.08 138.0 1.06 1.00007 0.668
200.0 0.01706 1040.0 6.58 0.700 0.00500 1.18 151.0 1.33 1.G0006 0.667
225.0 0.01517 1170. 6.58 0.700 0.0 0444 1.28 164.0 1.62 1.00006 0.666
250.0 0.01365 1300.0 6.58 0.700 0.00400 1.37 176.0 1.93 1.00005 0.667

275.0 0.01241 1430.

D

6.58 0.700 0.00363 1.46 188.0 2.27 1.00005 0.667
300.0 0.01138 1560.0 6.58 0.7CO 0.00333 1.55 199.0 2.62 1.00004 0.669
350.0 0.009753 1820. 6.58 0.700 0.00286 1.72 222.0 3.40 1.00004 0.668
1.00.0 0.008534 2080.0 6.58 0.700 0.00250 1.89 243.0 4.26 1.00003 0.668

450.0 0.007586 2340.0 6.58 0.700 0.00222 2.05 264.0 5.20 1.00003 0.668
500.0 0.006828 2600.0 6.58 0.700 0.00200 2.21 284.0 6.22 1.00003 0.668
600.0 0. 005690 3120.0 6.58 0.700 0.C0167 2.51 322.0 8.49 1.00002 0.667
700.

D

0.004877 3640.0 6.58 0.700 0.00143 2.80 359.0 11.0 1.00002 0.667

800.0 0.004268 4160.0 6.58 0.700 0.00125 3.07 394.0 13.9 1.00002 0.667

900. D 0.003794 4670. D 6.58 0.700 0.00111 3.34 428.0 16.9 1.00001 0.666
1000.0 0.003414 5190.0 6.58 0.700 0.00100 3.60 462.0 20.3 1.00001 0.666

1100.0 0.003104 5710.0 6.58 0.700 G. 000909 3.85 494.0 23.9 1.00001 0.666

1200.0 0.002845 6230.0 6.58 0.700 0.000833 4.10 525.0 27.7 1.00001 0.666
1300.0 0.012626 6750.0 6.58 0.700 0.000769 4.34 556.0 31.8 1.00001 0.666

11.00.0 0.002439 7270.0 6.58 0.700 0.000714 4.57 586.0 36.1 1.00001 0.666

1500.0 0.002276 7790.0 6.58 0.700 0.000667 4.80 615.0 40.6 1.00001 0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

0.3 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K *• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.170 0.06763
2.5 C. 06329 465.0 2.64 3.90 3 4.457 1.956 1.885 2.062 227.0
3.0 0.07005 384.

C

3.44 4.963 5.531 2.348 1.912 2.371 219.5
3.5 0.07284 284.0 3.75 6.261 6.871 2.761 2.103 3.034 203.9

* 3.995 0.07747 177.0 3.72 8. 000 8.628 3.229 2.280 4.180 181.4
3.995 0.7411 37.9 0.301 24.11 30.12 8.610 3.332 8.632 99.6
4.0 0. 7433 38.2 0.300 24.14 30.16 8.621 3.330 8.600 99.9
4.5 0.93»6 58.1 0.232 26.37 33.95 9.515 3.212 6.905 112.5
5.0 1.100 74.2 0.195 28.31 37.23 10.21 3.160 6.292 122.3
5.1 1.132 77.1 0.189 28.68 37.85 10.33 3.154 6.214 124.1

5.2 1.163 80.0 0.163 29. 04 38.47 1C.45 3.146 6.145 125.8
5.3 1.194 82.9 0.178 29.40 39.08 10.57 3.143 6.084 127.5
5.". 1.224 85.7 0.174 29. 76 39.69 10.68 3.139 6.029 129.1
5.5 1.255 88.5 0.169 30.12 40.29 10.79 3.135 5.980 130.6
5.6 1.285 91.2 C.165 30.47 40.88 10.90 3.132 5.935 132.3
5.7 1.314 93.9 0. 161 30.82 41.48 11.00 3.129 5.895 133.9
5.8 1.344 96.6 0. 156 31.17 42.06 11.10 3.127 5.858 135.4
5.9 1.37 3 99.2 0.154 31.51 42.65 11.20 3.125 5.625 136.9
8.0 1.403 102.0 0.151 31.86 43.23 11.30 3.123 5.794 138.3
6.5 1.547 115.0 0.136 33.56 46.09 11.76 3.116 5.673 145.3

7.0 1.688 127.0 0.125 35.23 48.91 12.18 3.113 5.588 151.8
7.5 1.827 139.0 0.115 36. 68 51.68 12.56 3.112 5.5 26 158.0
6.0 1.964 150.0 0.107 38.51 54.43 12.92 3.112 5.479 163.8
6.5 2.101 162.0 0.100 40. 14 57.16 13.25 3.112 5.442 169.4
9.0 2.236 173.0 0.0935 41.75 59.88 13.56 3.112 5.412 174.8
9.5 2.37 165.0 0.0681 43.36 62.58 13.65 3.113 5.388 179.9

10.0 2.504 196.0 0.0633 44.97 65.27 14.13 3.113 5.368 184.9
11.0 2.770 218.0 0.0752 48. 16 70.61 14.64 3.114 5.338 194.4
12.0 3.034 239.0 0. 0666 51.34 75.94 15.10 3.115 5.315 203.5
13.0 3.297 261.0 0.0631 54.51 81.24 15.52 3.116 5.297 212.0

14.0 3.559 282.0 0.0564 57.68 86.53 15.91 3.117 5.283 220.3
15.0 3.821 304.0 0. 0543 60.84 91.80 16.28 3.117 5.272 228.2
16.0 4.081 325.0 0. C5C6 63.99 97.07 16.62 3.117 5.263 235.8
17.0 4.341 346.0 0.0477 67.14 102.3 16.94 3.118 5.255 243.1
16.0 4.601 367.0 0.0450 70.28 107.6 17.24 3.118 5.248 250.2
19.0 4.861 388.0 0.0426 73.43 112.8 17.52 3.118 5.242 257.1
20.0 5.120 409.0 C. 0404 76.57 118.1 17.79 3.118 5.236 263.9
21.0 5.37 8 430.0 0.0384 79.71 123.3 18.05 3.116 5.233 270.4
22.0 5.637 451.0 0. 0367 82. 84 128.5 18.29 3.116 5.230 276.8
23.0 5.695 472.0 0.0350 65.98 133.6 18.52 3.118 5.227 263.0

24.0 6.153 492.0 0.0336 89.11 139.0 18.74 3.118 5.224 289.1
25.0 6.411 513.0 0.0322 92.24 144.2 18.96 3.118 5.221 295.1
26.0 6.669 534.0 0. 0309 95.37 149.4 19.16 3.118 5.219 300.9
26.0 7.184 575.0 0.02e7 101.6 159.9 19.55 3.116 5.216 312.3
30.0 7.699 617.0 0.0268 107. 9 170.3 19.91 3.118 5.213 323.2
32.0 8.213 658.0 0.0251 114.1 180.7 20.24 3.118 5.210 333.8
34.0 8.72a 699.0 0.0236 120.4 191.1 20.56 3.118 5.208 344.1
36.0 9.242 741.0 0.0223 126.6 201.5 20.86 3.118 5.206 354.0
36.0 9.756 782.0 0. 0211 132.9 212.0 21.14 3.117 5.205 363.7
40.0 10.27 823.0 0.02CO 139.1 222.4 21.41 3.117 5.204 373.1

1.5.0 11.55 926.0 0.0178 154.7 248.4 22.02 3.117 5.201 395.6
50.0 12.84 1030.0 0.0160 170. 3 274.4 22.57 3.117 5.200 417.0
55.0 14.12 1130.0 0.0146 185.9 300.4 23.06 3.117 5.198 437.2
6C.0 15.40 1230.0 0. 0133 201.5 326.4 23.51 3.117 5.197 456.6
65.0 16.68 1340.0 C. 0123 217.1 352.4 23.93 3.117 5.197 475.2
70.0 17.97 1440.0 0.0114 232.7 378.3 24.32 3.117 5. 196 493.1
75.0 19.25 1540.0 0.0107 248.3 404.3 24.67 3.117 5.196 510.3
60.0 20.53 1640.0 0.0100 263.9 430.3 25.01 3.117 5.195 527.0
90.0 23.09 185C.0 0. 00689 295. 1 482.2 25.62 3.116 5.155 558.9

100.0 25.66 2050.0 0. 00800 326.2 534.2 26.17 3.116 5.194 589.1

125.0 32.06 257C.0 0.00640 404.1 664.0 27.33 3.116 5.194 658.4
15 0.0 36.07 3080.0 0.00533 482.0 793.9 28.27 3.116 5.194 721.1
175.0 44.88 3590.0 0.00457 559.9 923.7 29.08 3.116 5.193 776.8
200.0 51.28 4110.0 0.00400 637.8 1054.0 29.77 3.116 5.193 832.5
225.0 57.69 46 2 . 0. 00356 715.7 1183.0 30.38 3.116 5.193 863.0
25 0.0 64.09 5130.0 0.00320 793.6 1313.0 30.93 3.116 5.193 930.7
275.0 70.50 5640.0 0.00291 871.5 1443.0 31.42 3.116 5.193 976.1
300.0 76.91 615 0.0 0.00267 949.4 1573.0 31.87 3.116 5.193 1019.

C

35 0.0 89.72 7180.0 0.00229 1105. 1633.0 32.67 3.116 5.193 1101.0
400.0 102.5 3200.0 0.00200 1261. 2092.0 33.37 3.116 5.193 1177.0

45 0.0 115.3 9230.0 0. 00178 1417. 2352.0 33.98 3.116 5.193 1248.0
500.0 128.2 10300.0 0.00160 1573. 2611.0 34.53 3.116 5. 193 1316.

C

600.0 153.8 12300.0 0. 00133 1864. 3131.0 35.47 3.116 5.193 1441.0
700.0 179.4 14400.0 0. 00114 2196.0 3650.0 36.27 3.116 5.193 1557.0
600.0 205.0 16400.0 0.00100 2507.0 4169.0 36.97 3.116 5.193 1664.0
900.0 230.7 18500.0 0.000889 2819.0 4689.0 37.58 3.116 5. 193 1765.0

1000.0 256.3 2050C.O 0.000800 3131.0 5208.0 38.13 3.116 5.193 1861.

C

1100.0 281.9 22600.0 0. 030727 3442.0 5727.0 38.62 3.116 5.193 1951.0
1200.0 307.5 24600.0 0. C0C667 3754.0 6247.0 39.07 3.116 5.193 2038.0
1300.0 333.2 26700.0 0.000615 4065. 6766.0 39.49 3.116 5.193 2121.0

1400.0 358.8 28700.0 0.000571 4377.0 7285.0 39.87 3.116 5.193 2202.0
1500.0 384.4 30800.0 0.000533 4688.0 7804.0 »0.23 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUHBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



0.8 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM-

TEMPERATURE DENSITY VIOH/OV)
P

VIOP/DU)

DECK G/CC
•• X 10

J/0 ATH-CC/J

• 2.170 14.79
2.5 14.61. 53.2 9.56
3.0 1<>.28 37.8 12.6
3.3 13.73 31.6 13.0

• 3.995 12.91 25.7 12.6
• 3.995 1.349 Ik.

7

6.69
4.0 1.3*5 14.7 6.69
4.5 1.070 18.5 6.75
5.0 0.9088 21.8 6.77
5.1 0.8835 22.1. 6.78

5.2 0.8598 23.1 6.78
5.3 0.8376 23.7 6.78
5.4 0.8167 21.. 3 6.78
5.5 0.7970 24.9 6.76
5.6 0.7781. 25.5 6.78
5.7 0.7608 26.1 6.78
5.8 0.7440 26.7 6.78
5.9 0.7281 27.3 6.77
6.0 0.7129 27.9 6.77
6.5 0.61.66 30.8 6.77

7.0 0.5925 33.7 6.76
7.5 C .51.7". 36.5 6.75
8.0 0.5D91 39.3 6.74
8.5 0.1.761 42.1 6.73
9.0 0.1.1.73 44.9 6.72
9.5 0.1.219 47.6 6.71

10.0 0.3391. 50.3 6.70
11.0 0.3610 55.8 6.69
12.0 0.3296 61.2 6.68
13.0 0.3033 66.5 6.67

14.0 0.2810 71.8 6.67
15.0 0.2617 77.2 6.66
16.0 0.21.50 82.5 6.65
17.0 0.2303 87.8 6.65
18.0 0.2173 93.0 6.64
19.0 0.2057 98.3 6.64
20.0 0.1953 104.0 6.63
21.0 0.1859 109. 6.63
22.0 0.1771. 114.0 6.63
23.0 0.1696 119.0 6.63

24.0 0.1625 125.0 6.62
25.0 0.1560 130.0 6.62
26.0 0.1500 135.0 6.62
28.0 0.1392 146.0 6.62
30.0 0.1299 156.0 6.61
32.0 0.1218 166.0 6.61
3*>.g 0.111.6 177.0 6.61
36.0 0.1082 187.0 6.61
38.0 0.1025 198.0 6.60
1.0.0 0.09738 208.0 6.60

45.0 0.03656 234.0 6.60
50.0 0.07790 260. D 6.60
55.0 0.07083 286.0 6.60
60.0 0.061.93 312.0 6.59
65.0 0.05991. 338.0 6.59
70.0 0.05566 364.0 6.59
75.0 0.05195 390.0 6.59
80.0 0. C.871 416.0 6.59
90.0 0.01.330 468. 6.59
100.0 0.03898 520. 6.59

125.0 0.03119 650.0 6.59
150.0 0.02599 780.0 6.58
175.0 0.02228 909. 6.58
200.0 0.01950 1040.

D

6.58
225.0 0.01733 1170.3 6.58
250.0 0.01560 1300. 6.58
275.0 0.011.18 1430.0 6.58
300.0 0.01300 1560.0 6.58
35 0.0 0.01115 1820.0 6.58
".0 0.0 0.009753 2080.0 6.58

1.50.0 0.008670 2340.0 6.58
500.0 0.007803 2600.0 6.58
60 0.0 0.006503 3120.0 6.58
700.0 0.005571. 3640.

D

6.58
800.0 0.001.877 4160.1 6.58
900.0 0.001.335 4670.0 6.58
1000.0 0.003902 5190.0 6.58
1100. 0.00351.7 5710.0 6.58
1200.0 0.003252 6230.0 6.58
1300.0 0.003002 6750.0 6.58

uoo.o 0.002787 7270.0 6.58
1500.0 0.002601 7790.0 6.58

-VIDP/DV)^ (OV/DTI/V

0.681

0.688
.694
.700

0.705
0.710
.714

0.719
.722

0.726
0.741

0.751
0.760
0.766
0.771
0.775
0.779
0.782
0.786
0.789
0.792

0.794
0.795
.796

0.797
0.798
0.799
.799

0.800
0.800
0.800

.800
0.801
0.801
0.801
0.801
0.801
0.B01
0.801
0.801
0.801

0.801
0.801
0.801
0.801

.801

.801

0.801
0.801
.801

0.800
.800

o.eco
.800
.800

0.800
0.800

0388 .167
0627 181
0960 3 .190
163 195
587 97

c 584 J 397
373 .102
289 its
277 11J

267 111
c 257 113

248 114
240 lib
233 117
226 119
219 0,120
213 122
208 123
184 130

166 137
151 144
139 150
129 156
121 162
113 168
107 174
0957 185
86 9 195

0796 .205

0735 .215
0683 .224
0638 233
0599 g 242
0564 .250
53 3 .259
50 6 267
481 275
45 8 .283

0438 290

419 298
40 2 305
38 6 312
35 8 .327

0334 341
313 .354
29 5 .368

0278 .381
0263 .394
0250 .406

0222 437
20 .467

0182 497
016 7 .525
0154 3 553
0143 .580
013 3 .607
0125 3 .634
0111 3 685
0100 .735

07 99 .855
00666 .969
00571 1 .08
0050G 1 .18
00444 1 .28
00400 1 .37
00363 1 .46
00333 1 .55
00286 1 .72
00250 1 .89

00222 2 .05
00200 2 .21
00167 2 .51
00143 2 .80
00125 3 .07
00111 3 .34
00100 3 .60

000909 3 .85
000833 4 .10
000769 11 .34

000714 4 .57
000667 4 .80

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K C/CM-S SQ-CH/S
•• X 100C001

:. 0^:553
O.C0053.
j. 000-56
0. 000361
!. 041-835

97.8

111.0
125.0
138.0
151.0
164.0
176.0
188.0
199.0
222.0
243.0

00137

0.00211
0.00221
0.00232
0.00243
0.0 02 54
0.00264
0.00275
0.01287
0.00298
0.00355

0.00-13
0.00475
0.0 05 38

0.006C3
0.00670
0.007 39

0.00811
0.00958
0.0111
0.0128

0.0145

0.020C
0.0219
0.0 24

0.0261
0.0282
0.03C4
0.0 32 7

0.0 351
0.0375
0.0399
0.0450
0.0503
0.0559
0.0616
0.0676
0.0738
0.0802

0.0 971
0.115
0.135
0.156
0.178
0.201
0.225
C.253
0.305
0.363

0.528
0.718
0.930
1.16
1.42
1.69
1.98

322 7.4
359 9.6
394 12.1
428 14.8
462 17.8
494 20.9
525 24.3
556 27.8

566 31.6
615 35.5

5511
5371

.05162
04848

.00499

.00397

.00337

.00327

.C0319
0310

.00303
03295
00288
10282
10276
10 270
:0264
10240

.00219

.00203

.00189

.00176

.01166
"156

.0-148

.00134

.00122
112

.00104
0097
0091
0385

.00080
0376

.00.72
0069
0066

.00063

00060
0OC58
00056
.00052
.00048
.00045
.00042
.C 0040
.00038
.00036

026
.00024
.00022
.00021
.00019
.00018
.00016
.00014

.00012

.00310

.00008

.00007

.00006

.00006

.00005

.00005

.00004

.00004

.00003

.00003

.00002

.00002

.00002

.00002

.00001

.00001

.00001
J001

.481

.500

.5 74

.705

0.853
0.788
0.780

0.772
0.765
0.759
0.753
0.749
C.744
0.740
0.736
0.733
0.719

0.710
0.7C4
0.71.0
0.697
0.695
0.69-
0.693
0.693
0.693
0.694

0.695
0.696
0.697
0.698
0.700
0.7C1
0.702
0.7C3
0.704
0.704

U.7C5
C.7C6
0.7C6
0.707
0.708
0.709
0.709
0.709
0.709
0.709

0.708
0.7C7
0.706
0.704
0.702
0.701
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.667
0.667
0.669
0.668
0.668

0.668
0.668
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

• TWO-PHASE BOUNDARY
•« NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM it

0.9 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K ** X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.169 0.06751.
2.5 0.06819 1.71.0 2.6k 3.891. 4.516 1.952 1.879 2.053 228.3
3.0 0.06991 390.0 3.1)1. It. 91.7 5.581. 2.3k3 1.911 2.363 220.9
3.5 0.07265 291.0 3.77 6.255 6.917 2.753 2.101 3.01k 205.5
<t.O 0.07720 183.0 3.75 7.971 8.675 3.221 2.278 k.133 183.4

• "..n't 0.07872 157.0 3.69 8.1.53 9.171 3.3kk 2.32k k.558 176.7
• If. 111. 0.6593 36.0 0.31.0 21). 11) 30.15 8.1.1.3 3.340 9.168 100.0

4.5 0.7998 52.8 0.271. 25.98 33.28 9.171 3.235 7.377 110.5
5.0 0.951.7 70.1 0.226 28. 01 36.72 9.898 3.171 6.527 120.9
5.1 0.9838 73.3 0.219 28.1.0 37.37 10.03 3.163 6.k25 122.8

5.2 1.012 76.1. 0.212 28.77 38.01 10.15 3.156 6.336 124.6
5.3 1.01.1 79.1. 0.206 29.15 38.61. 10.27 3.150 6.257 126.4
5.1. 1.069 82.3 0.200 29.51 39.26 10.39 3.1k5 6.187 128.1
5.5 1.096 85.2 0.195 29.88 39.87 10.50 3.141 6.125 129.7
5.6 1.121. 66.0 0. 190 30.21. 1)0.1)8 10.61 3.137 6.070 131.4
5.7 1.151 90.9 0.185 30.59 i>1.09 10.72 3.133 6.019 133.0
5.8 1.178 93.6 0.181 30.95 i>1.69 10.82 3.130 5.97k 134.5
5.9 1.201. 96.3 0.177 31.30 i)2.28 10.92 3.127 5.933 136.1
6.0 1.231 99.0 0.173 31.65 1.2.87 11.02 3.125 5.895 137.6
6.5 1.361 112.0 0.155 33.37 1.5.78 11. 49 3.117 5.7k8 lkk.7

7.0 1.1.88 125.0 0.11.2 35. 06 l>8.63 11.91 3.113 5.6k7 151.4
7.5 1.613 137.0 0.131 36.72 51.1)3 12.30 3.112 5.57k 157.6
8.0 1.736 11.9.0 0.121 38.37 Si). 21 12.65 3.111 5.519 163.5
8.5 1.858 160.0 0.113 l>0.01 56.95 12.99 3.111 S.k76 169.1
9.0 1.97 9 172.0 0.106 1)1.63 59.68 13.30 3.112 5.kk2 174.5
9.5 2.100 183.0 0.100 1)3.25 62.1.0 13.59 3.112 5.41k 179.7

10.0 2.219 195.0 0.091.2 44. 86 65.10 13.87 3.113 5.391 184.8
11.0 2.1.57 217.0 0.0850 1)8.06 7 0.1.7 Ik. 38 3.11k 5.356 19k. k
12.0 2.69 2 239.0 0.0775 51.25 75.81 Ik. 85 3.115 S.331 203. k
13.0 2.927 260.0 0. 0712 51). 1)3 81.12 15.27 3.116 5.311 212.0

14.0 3.161 282.0 0.0668 57.60 86.1)2 15.66 3.117 5.295 220.3
15.0 3.393 303.0 0. 0613 60.76 91.71 16.03 3.117 5.282 228.2
16.0 3.626 325.0 0. 0573 63.92 96.99 16.37 3.118 5.271 235.8
17.0 3.857 31.6.0 0.0538 67. 0B 102.3 16.69 3.118 5.263 2k3.2
18.0 4.089 367.0 0. 0507 70.23 107.5 16.99 3.118 5.255 250.3
19.0 4.320 388.0 0. 01.80 73.37 112.8 17.27 3.118 5.249 257.2
20.0 It. 550 1.09.0 0.01.55 76.52 118.0 17.5k 3.118 5.243 26k.
21.0 It. 780 1.30.0 0.01.33 79.66 123.2 17.80 3.118 5.239 270.5
22.0 5.010 1.51.0 0.01.13 82.79 128.5 16.0k 3.118 5.234 276.9
23.0 5.2it0 1.72.0 0.0395 85.93 133.7 18.27 3.118 5.231 283.1

2 it. 5.1.73 1.93.0 0. 0378 69. 07 138.9 18.50 3.118 5.226 289.2
25.0 5.699 513.0 0.0363 92.20 11>|>.

2

18.71 3.118 5.225 295.2
26.0 5.929 531.. 0.031.8 95.33 11)9.1) 18.92 3.118 5.223 301.0
28.0 6.387 576.0 0.0323 101.6 159.8 19.30 3.118 5.218 312.4
30.0 6.81.5 617.0 0.0301 107.9 170.3 19.66 3.118 5.215 323.3
32.0 7.302 658.0 0. 0282 114.1 180.7 20.00 3.118 5.212 333.9
31t.O 7.760 700.0 0. 0266 120.1) 191.1 20.31 3.118 5.210 3kk.2
36.0 8.217 71.1.0 0.0251 126.6 201.5 20.61 3.118 5.208 35k.

1

36.0 8.671. 782.0 0.0237 132.9 212.0 20.89 3.118 5.206 363.8
1)0.0 9.130 823.0 0.0226 139.1 222.1. 21.16 3.118 5.205 373.2

1.5.0 10.27 926.0 0. 0200 151). 7 21.8.1. 21.77 3.117 5.202 395.8
50.0 11.1.1 1030.0 0.0180 170.3 274.4 22.32 3.117 5.200 417.1
55.0 12.55 1130.0 0. 0161. 185.9 300.1. 22.82 3.117 5.199 437.4
60.0 13.69 1230.0 0.0150 201.5 326.1. 23.27 3.117 5.198 456.7
65.0 11.. 83 131.0.0 0. 0139 217.1 352.1. 23.69 3.117 5.197 475.3
70.0 15.97 11.1.0.0 0.0129 232.7 37 8.1. 2k. 07 3.117 5.197 493.2
75.0 17.11 151.0.0 0.0120 21.8.3 k0k.3 2k. k3 3.117 5.196 510.4
80.0 18.25 1650.0 0. 0113 263.9 1.30.3 2k. 76 3.117 5.196 527.1
90.0 20.53 1850.0 0. D100 295.0 1.82.3 25.38 3.117 5.195 559.0
100.0 22.81 2060.0 0. 00900 326.2 53k.

2

25.92 3.116 5.195 589.1

125.0 28.50 2570.0 0.00720 1.01.. 1 66k.

1

27.08 3.116 5.194 658.5
150.0 31.. 20 3080.0 0.00600 1.82.0 793.9 28.0 3 3.116 5.194 721.2
175.0 39.89 3590.0 0.00511. 559.9 923.7 28.33 3.116 5.193 778.9
200.0 1.5.59 1.110.0 0.001.50 637. 8 105k. 29.52 3.116 5.193 832.6
225.0 51.28 1.620.0 0. 00400 715.7 1183.0 30.1k 3.116 5.193 883.0
250.0 56.98 5130.0 0.00360 793.6 1313.0 30.68 3.116 5.193 930.7
275.0 62.67 561.0.0 0.00327 871.5 1 1.1.3.0 31.18 3.116 5.193 976.1
300.0 68.37 6160.0 0.00300 91.9.1. 1573.0 31.63 3.116 5.193 1019.0
35 0.0 79.75 7180.0 0.00257 1105. 1833.0 32. k3 3.116 5.193 1101.0
1.00.0 91.li. 8210.0 0.00225 1261.0 2092.0 33.12 3.116 5.193 1177.0

1.5 0.0 102.5 9230.0 0.00200 11.17.0 2352.0 33.7k 3.116 5.193 1248.0
50 CO 113.9 10300.0 0.00180 1573.0 2611.0 3k. 28 3.116 5.193 1316.0
600.0 136.7 12300.0 0.00150 18 81.. 3131.0 35.23 3.116 5.193 1441.0
700.0 159.5 11.1.00.0 0.00129 2196.0 3650.0 36.0 3 3.116 5.193 1557.0
800.0 182.3 161.00.0 0.00112 2507.0 kl69.0 36.72 3.116 5.193 1664.0
900.0 205.0 18500.0 0. D0100 2819.0 k689.0 37.33 3.116 5.193 1765.0

1000.0 227.8 2 0500.0 0.000900 3131. 5208.0 37.88 3.116 5.193 1861.0
1100.0 250.6 22600.0 0. 000818 3itli2.0 5727.0 38.38 3.116 5.193 1951.0
1200.0 273.1. 21.600.0 0. 000750 3751.. 62k7.0 38.83 3.116 5.193 2038.0
1300.0 296.1 26700.0 0.00C692 1.065. 6766.0 39.2k 3.116 5.193 2121.0

11.00.0 318.9 28700.0 0.00061.3 1.377. 7285.0 39.63 3.116 5.193 2202.0
1500.0 31.1.7 30600.0 0.000600 1.688. 7805.0 39.99 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



0.9 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUH

ENSITY VCOH/DVI
P

VCOP/OU) -V<DP/OV) (OV/OTI /V
P

GVCC
• X 10

J7G ATM-CC/J ATM 1/DEG.K

THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY OIFFUSIVITY CONSTANT

MH/CM-K G/CM-S SQ-CM/S
•• X 10OGOO0

12.70
1.517
1.250

22.5
23.2

22.0
23.0

32.0
34.0
36.0

1.5.0

50.0
55.0

100.0

125.0
150.
175.0
20 0.0
225.0
250.0
275.0
300.0
350.0
1.00.0

1.50.0

500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
1200.0
1300.0

9358 23 8

9122 24 4

S900 25 1

859 25 7

8492 26 3

8304 26 9
8125 27 5

731.8 30 5

Q 6720 33 4

6200 36 2

5759 39 1

53 81 41 9
5052 44 6
1.763 47 4

1.506 50 2

4071 55 5

3714 61
3416 66 4

3164 71 7

2947 77 1

2758 82 4

o 2592 87 7

2446 93
2315 98 3

2196 104
2092 109
1996 114
1908 119

1828 125
1755 130
1587 135
1566 146

o 1461 156
1369 166
1289 177
1217 187

li 1153 196
1095 208 a

09735 234 D

03762 260
07966 286

u 07303 312
05742 338
06261 364
05844 390
05479 416 D

04871 468
04384 520

a 03508 650
02924 780
.02507 910
.02194 1040
01950 1170 1

.01755 1300
01596 1430
.01463 1560
.01254 1820 9

.01097 2080

.009753 2340

.008778 2600

.007315 3120

.006271 3640
a .005487 4160
.004877 4670 D

Q .004390 5190 .0

a .003991 5710
.003658 6230
.003377 6750

.003136 7270
a .002927 7790

6.58
6.58
6.58

.546

.660

.735

.763

.770

.777

.838

.849

.857
0.863
.869
.873

0.877
.882

0.886
.890

0.892
0.894
.895

0.897
.897
.898
.899
.899

0.900
0.900

0.900
0.901
0.901
.901

0.901
.902

0.902
.902
.902

0.902

0.902
0.902
0.902
0.902
0.902
0.902
0.901
0.901
.901

0.901

0.901
.901

0.901
0.901
0.901
0.900
0.900
.900

0.900
0.900

0.900
0.900
0.900
0.900
.900
.900

0.900
0.900
0.900

. 38 2

0.0618
0.0941
0.158
0.185
0.623
0.415

1.281
C.270
0.260
0.2 51
0.242
0.235
0.227
0.221
0.214
0.18

0.167
0.181
3.190
0.196
0.196
0.102
0.103
0.110
0.111

0.112
0.114
0.115
0.117
0.118
3.119
0.121
0.122
0.124
0.131

169 137
154 144
141 150
131 157
122 163
114 169
107 3 174
96 3 3 185

0874 196
G 0800 206

0738 215
0685 224
0640 233
0630 3 242
56 5 251

0534 259
0506 267
481 275

c 45 9 283
43 8 290

42 11 298
40 3 305
38 7 313
359 327

o 0334 341
313 355
29 5 368
27 8 381
26 3 394

0250 .407

o 22 2 438
0200 468
0182 497
0167 525
0154 .553
0143 580
0133 607
012 5 .634
0111 .685
010 a .735

00799 .855
00666 969
00571 l 08
00500 l IB

u 00444 l .28
,00400 i .37
00363 l .46
00333 l .55
00286 l .72
00250 i .89

00222 2 05
.00200 2 .21
00167 2 .51
.00143 2 .80
.00125 3 .07
.00111 3 .34
.00100 3 .60
.000909 3 .85
.000833 4 .10
.000769 4 .34

.000714 u .57

.000667 4 .80

91.5
97.8

111.0
125.0
138.0
151.0
164.0
176.3
188.0
199.0
222.0
24 3.0

0.000555
0.000536
0.00C459
0.000365
0.000338
0.000731
J. 00112
0.00160
0.00170

0.00180
0.0 3189
C. 00199
C.002t9
0.00219
j. 00228
3.00238
0.00248
0.00258
0.00309

0.00362
0.00417
u. 00473
0.00532
0.0C592
0.00654
0.00717
0.03849
C. 00988
0.0113

0.G128
0.0144
0.0161
C.C177
0.0195
0.0213
0.0232
0.0 251
0.0271
0.0291

0.0 312
0.0333
0.0 35 5

0.0497
0.0546
0.0601
0.0 65 6

0.0713

0.0864
0.103
0.120
0.138
0.158
0.178
0.200
0.223
0.271
0.323

1.26
1.50
1.76

1.05519
1.05381
1.C5176
1.04866
l.;4771
1.03562
1.30464
1.03388
1.03377

1.00366
1.00356
1.0J347
1.03338
1.00330
1.00322
1.00315
1.00308
1.00301
1.00272

1.00249
1.00230
1.03213
1.00199
1.00187
1.00176
1.00167
1.00151
1.00133
1.00127

1.00117
1.00109
1.00102
1.03396
1.C0091
1.00086
1.03081
1.00077
1.00074
1.00071

1.G3368
1.G0065
1.00062
1.00058
1.30054
1.00051
1.00048
1.G3045
1.03043
1.00041

1.00036
1.03032
1.00029
1.00027
1.03025
1.00O23
1.03022
1.03020
1.00018
1.03016

1.03013
1.03011
1.03009
1.03008
1.03007
1.00006
1.00006
1.00005
1.03005
1.00004

1.00004
1.00U03
1.00003
1.00002
1.00032
1.00002
1.00002
1.03001
1.00001
1.00001

0.481
0.500
0.572
0.700
0.751
1.08
0.908
0.818
0.807

0.797
0.788
0.780
0.773
0.767
0.761
0.756
0.751
0.747
0.730

0.719
0.712
0.706
0.703
0.700
0.698
0.697
0.696
0.695
0.696

0.697
0.698
0.698
0.700
0.7C1
0.7C2
0.702
0.703
0.704
0.705

0.706
0.7C6
0.707
0.7C8
0.708
0.709
0.7C9
0.709
0.709
0.709

0.708
0.707
0.706
0.704
0.702
0.701
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.667
0.667
0.669
0.668
0.668

0.668
0.668
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666



THERMODYNAMIC PROPERTIES OF HELIUM U

1.0 ATMOSPHERE IS03AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEO. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.168 0.06744
2.5 0.06809 476.0 2.64 3.885 4.575 1.948 1.873 2.045 229.5
3.0 0.06978 395.0 3.45 4.931 5.638 2.337 1.910 2.355 222.2
3.5 0.07246 297.0 3.78 6.229 6.963 2.745 2.100 2.996 207.1
4.0 0.07689 190.0 3.78 7.924 8.703 3.209 2.275 4.074 185.6

• "..221. 0.08001 139.0 3.64 8.900 9.711 3.454 2.368 4.981 172.0
• 4.224 0.5921 33.9 0.381 24.13 30.13 8.287 3.348 9.778 100.2

4.5 G.6894 47.1 0.321 25.55 32.54 6.840 3.262 8.002 108.2
5.0 0.8372 66.0 0.259 27.71 36.19 9.610 3.183 6.601 119.5
5.1 0.86*5 69.3 0.250 28.10 36.86 9.744 3.174 6.668 121.5

5.2 0.8913 72.6 0.242 28.49 37.52 9.872 3.165 6.553 123.4
5.3 0.9176 75.7 0.235 28.88 38.17 10.00 3.158 6.452 125.2
5.". 0.9*35 78.8 0.228 29.25 38.81 10.12 3.152 6.364 127.0
5.5 0.9691 81.8 0.222 29.63 39.45 10.23 3.146 6.287 128.7
5.6 0.9944 84.8 0.216 30. 00 40.07 10.34 3.142 6.217 130.4
5.7 1.019 87.7 0.210 30.36 40.69 10.45 3.136 6.155 132.1
5.8 1.04* 90.6 0.205 30. 72 41.30 10.56 3.134 6.100 133.7
5.9 1.069 93.4 0.20C 31. 08 41.91 1C.66 3.131 6.049 135.2
6.0 1.093 96.2 0.195 31.44 42.51 10.77 3.128 6.004 136.8
6.5 1.212 110.0 0.175 33.19 45.47 11.24 3.119 5.828 144.1

7.0 1.328 123.0 0.159 34.89 48.35 11.67 3.114 5.709 150.9
7.5 1.442 135.0 0.146 36.57 51.18 12.06 3.112 5.623 157.2
e.o 1.554 147.0 0.136 38.23 53.98 12.42 3.111 5.560 163.2
8.5 1.665 159.0 0.126 39. 88 56.74 12.75 3.111 5.511 168.9
9.0 1.774 171.0 0.118 41.51 59.49 13.07 3.111 5.472 174.3
9.5 1.883 182.0 0.111 43.13 62.22 13.36 3.112 5.440 179.6
ICO 1.991 193.0 0.105 44.75 64.93 13.64 3.113 5.414 184.6
11.0 2.206 216.0 0. 0949 47.96 70.32 14.15 3.114 5.375 194.3
12.0 2.419 238.0 0.0864 51.16 75.67 14.62 3.115 5.346 203.4
13.0 2.631 260.0 0.0793 54.35 81.00 15.05 3.116 5.324 212.0

11.. 2.8*2 281.0 0.0733 57.52 86.32 15.44 3.117 5.307 220.3
15.0 3.052 303.0 0.0682 60.69 91.61 15.81 3.117 5.292 228.2
16.0 3.261 324.0 0.0638 63.85 96.90 16.15 3.118 5.280 235.9
17.0 3.470 346.0 0.0599 67. 01 102.2 16.47 3.118 5.270 243.2
18.0 3.679 367-0 0. 0564 70.17 107.4 16.77 3.118 5.262 250.4
19.0 3.887 388.0 0.C534 73.32 112.7 17.05 3.118 5.255 257.3
20.0 4.094 409.0 0. 0506 76.46 117.9 17.32 3.118 5.249 264.1
21.0 4.302 430.0 0. 0482 79.61 123.2 17.58 3.119 5.244 270.6
22.0 4.509 451.0 C.0459 82.75 128.4 17.82 3.119 5.239 277.0
23.0 4.715 472.0 0.0439 65.89 133.7 18.05 3.119 5.235 283.2

24.0 4.923 493.0 0.0420 89. 02 138.9 16.28 3.119 5.232 289.3
25.0 5.130 513.0 C.0403 92.16 144.1 18.49 3.119 5.229 295.3
26.0 5.33b 534.0 0.0387 95.29 149.4 18.70 3.118 5.226 301.2
28.0 5.749 576.0 0.0359 101.6 159.8 19.08 3.118 5.221 312.5
30.0 6.161 617.0 0. 0335 107. 8 170.2 19.44 3.116 5.217 323.5
32.0 6.573 659.0 0.C314 114.1 180.7 19.78 3.118 5.214 334.0
34.0 6.985 700.0 0. 0295 120. 3 191.1 2C.09 3.118 5.212 344.3
36.0 7.397 741.0 0.0279 126.6 201.5 20.39 3.118 5.210 354.2
38.0 7.808 783.0 0. 0264 132.8 211.9 20.67 3.11R 5.208 363.9
itc.o 8.219 824.0 0.0251 139.1 22 2.4 2C.94 3.118 5.206 373.3

1.5.0 9.24 7 927.0 0. 0223 154.7 248.4 21.55 3.118 5.203 395.9
50.0 10.27 1030.0 0. 0200 170.3 274.4 22.10 3.117 5.201 417.2
55.0 11.30 1130.0 0. 0182 185.9 300.4 22.60 3.117 5.200 437.5
60.0 12.33 1240.0 0.0167 201.5 326.4 23.05 3.117 5. 199 456.8
65.0 13.35 1340.0 0.C154 217.1 352.4 23.47 3.117 5.198 475.4
70.0 14.38 1440.0 0. 0143 2 32.7 378.4 23.85 3.117 5.197 493.3
75.0 15.40 1540.0 0.0133 248.3 404.4 24.21 3.117 5.196 510.5
80.0 16.43 1650.0 0.0125 263.9 430.3 24.55 3.117 5.196 527.2
90.0 18.48 1850.0 0.0111 295.0 482.3 25.16 3.117 5. 195 559.1
100.0 20.53 206C.0 0. 0100 3 26.2 534.2 25.71 3.117 5.195 569.2

125.0 25.66 2570.0 0. 00800 404. 1 664.1 26.86 3.116 5.194 658.6
15 0.0 30.78 3080.0 0. 00667 4 82. 793.9 27.81 3.116 5.194 721.3
175.0 35.91 359C.0 0.00571 559.9 923.8 28.61 3.116 5.193 779.0
200.0 41.03 4110.0 D. OOFOO 637.8 1054.0 29.31 3.116 5.193 832.6
22 5.0 46.16 46 2 0.0 0. GC444 715.8 1183.0 29.92 3.116 5.193 883.1
25 0.0 51.28 5130.0 0. 00400 793.7 1313.0 30.46 3.116 5.193 930.8
275.0 56.41 564C.0 0. 00364 871.6 144 3.0 30.96 3.116 5.193 976.2
300.0 61.53 6160.0 0. C0233 949.5 1573.0 31.41 3.116 5.193 1020.0
350.0 71.78 7180.0 0.00286 1105. 1833.0 32.21 3.116 5.193 1101.0
400. 82.03 8210.0 0.00250 1261.0 2092.0 32.90 3.116 5.193 1177.0

1.50.0 92.28 9230.0 0.00222 1*17.0 2352.0 33.52 3.116 5.193 1248.0
500.0 102.5 1C300.0 0.00200 1573. 2612.0 34.06 3.116 5.193 1316.

C

600.0 123.0 12300.0 0. 00167 1884.

C

3131.0 35.01 3.116 5.193 1441.0
700.0 143.5 144C0.0 0. 00143 2196.

C

3650.0 35.81 3.116 5.193 1557.0
800.0 164.0 16400.0 3. 0C125 2507.0 4169.0 36.50 3.116 5.193 1664.0
900.0 184.5 1850G.0 0.00111 2819. 4689.0 37.12 3.116 5.193 1765.0

1000.0 2C5.0 20500.0 D. 00100 3131.0 5208.0 37.66 3.116 5.193 1861.0
1100.0 225.5 2 2600.0 O.C00909 3442.0 5727.0 38.16 3.116 5.193 1551.0
1200.0 246.0 24600.0 0. 000833 3754. 6247.0 38.61 3.116 5.193 2038.0
1300.0 266.5 26700.0 0. 000769 4065.0 6766.0 39.03 3.116 5.193 2121.0

1400.0 267.0 28700.0 0.000714 4377. 7285.0 39.41 3.116 5.193 2202.0
1500.0 307.5 30800.0 O.C00667 4688. 7805.0 39.77 3.116 5.193 2279.0

TWO-PHASE BOUNOAiiY
NUMBERS IN THIS COLUMN HAVE SEEN MULTIPLIED BY THE INDICATED FACTOR
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l.o atmosphere isobar
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

G/CC
*• I IDE

V(DH7DVI
P

J/G

V (DP/DU)

ATM-CC/J

-V(OP/OV)^ (OV/OTJ/V THERMAL VISCOSITT THERMAL
CONDUCTIVITY DIFFUSIVITV

MH/CM-K G/CM-S SQ-CM/S
*• X 100C0O0

2.168 I*. 83
2.5 14.69 54.2 9.58 69.9 0.0 37 7 3.167 39.4 0.o0u558 1.05528 0.481
3.0 14.33 38.7 12.6 56.7 0.0608 0.182 38.6 O.O0C538 1.05392 0.500
3.5 13.80 32.5 13.0 41.0 0.0923 0.191 36.4 0.000462 1.05139 0.571
4.0 13.01 26.6 12.8 24.7 0.153 0.196 33.4 0.000371 1.04886 0.692
4.224 12.50 23.7 12.3 17.3 0.210 0.196 31.7 0.000315 1.04692 0.804
4.224 1.689 14.7 6.74 0.573 0.666 0.1C6 12.5 0.000643 1.00626 1.15
4.5 1.1.50 17.0 6.79 0.684 0.470 .106 13.0 0.000913 1.03538 0.978
5.0 1.19k 20.7 6.82 .788 0.329 0.111 13.9 0.00137 1.00443 0.852
5.1 1.157 21.3 6.82 0.802 0.312 3.112 14.1 U.0 0146 1.03429 0.838

5.2 1.122 22.0 6.82 0.814 0.298 0.114 14.3 0.00154 1.00416 0.825
5.3 1.090 22.7 6.62 0.825 0.285 J. 115 14.5 0.00163 1.00404 0.814
5.1. 1.050 23.3 6.82 .835 0.273 3.116 14.7 0.00172 1.L3393 0.804
5.5 1.032 24.0 6.83 .845 0.262 0.118 14.9 0.00181 1.03382 3.795
5.5 1.006 24.6 6.82 0.853 0.253 3.119 15.1 0.00190 l..jJ73 0.787
5.7 0.9810 25.2 6.82 .861 0.244 0.120 15.2 0.00199 1.00364 0.760
5.8 0.9577 25.8 6.82 .868 0.236 0.122 15.4 0.00208 1.03355 0.773
5.9 0.9358 26.5 6.82 .674 0.229 3.123 15.6 0.00217 1.00347 0.768
6.0 0.9149 27.1 6.92 0.860 0.222 0.125 15.8 4.00227 1.0 339 3.762
6.5 0.825C 30.1 6.81 .905 0.194 0.131 16.7 0.00273 1.00306 0.7 42

7.0 0.7530 33.0 6.80 0.923 0.173 0.138 17.6 0.00321 1.38279 0.7 29
7.5 0.6936 35.9 6.79 .936 0.156 0.145 18.5 0.00 371 1.83257 0.719
8.0 0. 61.35 38.8 6.78 .946 C.143 3.151 19.4 0.00422 1.03238 0.713
8.5 0.6007 41.6 6.76 .955 0.132 0.157 20.2 0.00475 1.00223 0.708
9.0 0.5636 44.4 6.75 0.961 0.123 0.163 21.0 0.00529 1.00209 0.705
9.5 0.5310 47.2 6.74 .967 0.115 0.169 21.8 0.00565 1.00197 0.702

10.0 0.5021 50.0 6.73 0.971 0.108 0.175 22.6 0.00642 1.00186 0.700
11.0 0.4533 55.4 6.72 .978 0.0 97 3.166 24.1 0.00761 1.00168 0.699
12.0 0.4131. 60.9 6.71 0.983 0.0 87 8 0.196 25.6 0.0 0886 1.00153 0.698
13.0 0.3801 66.3 6.70 0.987 0.0 80 3 J. 256 27.0 0.0132 1.00141 0.698

f*.

a

0.3519 71.6 6.69 0.990 0.0741 0.216 28.4 0.0115 1.00133 0.698
15.0 0.3277 77.1 6.68 0.992 0.0687 3.225 29.7 0.0130 1.00121 0.699
16.0 0.3066 82.3 6.67 0.994 0.0 641 0.234 31.0 0.0144 1.00114 0.7CO
17.0 0.2882 87.5 6.66 1.00 CO 601 0.242 32.2 0.0160 1.03107 0.7C1
18.0 0.2718 92.9 6.66 1.00 0.0 56 6 0.261 33.5 0.0175 1.00101 0.702
19.0 0.2573 98.2 6.65 1.00 0.0 53 5 3.259 34.7 0.0192 1.03095 0.702
20.0 C .21.1.2 104.0 6.65 1.00 0.0 50 7 3.267 35.8 0.0209 1.00390 0.703
21.0 0.2325 109.0 6.64 1.00 0.0482 0.275 37.0 0.0226 1.00086 0.704
22.0 0.2218 114.0 6.64 1.00 0.0 45 9 0.283 38.1 0.0244 1.00382 0.705
23.0 0.212 119.0 6.64 1.00 0.0439 3.291 39.2 0.0262 1.00079 0.706

24.0 0.2031 125.0 6.63 1.00 . 42 .298 40.3 0.0281 1.00375 0.706
25.0 0.1949 130.0 6.63 1.00 . 40 3 0.306 41.3 0.0300 1.00072 0.707
26.0 0.1B74 135.0 6.63 1.00 0.0 38 7 0.313 42.3 0.0320 1.00069 0.707
28.0 0.1739 146.0 6.62 1.00 0.0359 0.327 44.4 0.0 36 1.00064 0.708
30.0 0.1623 156.0 6.62 1.00 0.0334 3.341 46.3 0.0403 1.03360 0.709
32.0 0.1521 166.0 6.62 1.00 . 31 3 0.355 48.2 0.0447 1.00056 0.709
34.0 0.1432 177.0 6.61 1.00 0.0 29 5 0.368 50.1 0.0493 1.00053 0.709
36.

D

0.1352 187.0 6.61 1.00 0.0278 0.381 51.9 0.0541 1.00050 0.710
38.0 0.1281 198.0 6.61 1.00 0.0263 0.394 53.7 0.0591 1.00047 0.709
1.0.0 0.1217 208.0 6.61 1.00 0.0250 0.407 55.4 0.C642 1 . j 45 0.709

1.5.0 0.1081 234.0 6.6C 1.00 0.C222 3.438 59.6 C.0778 1.00043 0.709
50.0 0.0973k 260.0 6.60 1.00 0.0 20 0.468 63.6 C.0924 l.C 0036 0.707
55.0 0.0881.9 286.0 6.60 1 .00 0.0182 0.497 67.5 0.108 1.0u033 0.7C6
60.0 0.08113 312.0 6.60 1.00 0.016 6 3.525 71.2 C.125 1.00030 0.704
65.0 0.071.89 338.4 6.60 1.00 0.015 4 3.553 74.8 0.142 1.03028 0.702
70.0 0.05955 364.0 6.59 1.00 0.0143 0.581 78.3 0.161 1.00026 0.701
75.0 0.06k92 390.0 6.59 1 .00 0.0133 0.6C7 81.7 0.180 1.00024 0.699
80.0 0.05087 416.0 6.59 1.00 0.0 12 5 0.634 85.0 0.200 l.C. 023 0.697
90.0 0.051.11 468.0 6.59 1.00 0.0111 0.685 91.5 0.244 1.30020 0.694
100.0 0.04871 520.0 6.59 1.00 0.010 J 3.736 97.

e

0.291 1.03018 0.691

125.0 0.03398 650.0 6.59 1.00 0.00799 0.856 111.0 0.423 1.30:i4 0.673
150.0 0.03249 780.0 6.59 1.00 0.00666 0.969 125.0 0.574 1.00012 0.670
175.0 0.02785 910.0 6.58 1.00 0.00571 1.08 138.0 0.744 1.00010 0.668
200.0 0.02437 1040.0 6.58 1 .00 0.00500 1.18 151.0 0.932 1.00009 0.667
22 5.0 J. 02167 1170.0 6.58 1.00 4.00444 1.28 164.0 1.14 1.0JC08 0.666
250.0 0.01950 1300.0 6.58 1.00 0.00400 1.37 176.0 1.35 1.00007 0.667
275.0 0.01773 1430.0 6.58 1.00 0.00363 1.46 188.0 1.59 1.00007 0.667
303.0 0.01625 1560.0 6.58 1.00 0.00333 1.55 199.0 1.83 1.00006 0.669
350.0 0.01393 1820.0 6.58 1.C0 0.00286 1.72 222.0 2.38 1.03005 0.668
400.0 0.01219 2080.0 6.58 LOG 0.00250 1.89 243.0 2.98 1.00005 0.668

1.50.0 0.01084 2340.0 6.58 1.00 0.00222 2.05 264.0 3.64 1.00OO4 0.668
500.0 0.009753 2600.0 6.58 1.00 0.00200 2.21 284.0 4.36 1.00004 0.668
600.0 .008128 3120.0 6.56 1.00 0.00167 2.51 322.0 5.94 1.00003 0.667
700.0 0.006967 3640.0 6.58 1.00 0.00143 2.81 359.0 7.73 1.00003 0.667
800.0 O.006j96 4160.0 6.58 1.00 O.0C125 3.07 394.0 9.70 1.03002 0.667
900.0 0.005419 4670.0 6.58 1.00 0.00111 3.34 428.0 11.9 1.0U002 0.666
1000.0 0.004877 5190.

C

6.58 LCD 0.00100 3.60 462.0 14.2 1.00002 0.666
1100.0 0.004434 5710.0 6.58 LOO 0.000909 3.85 494.0 16.7 1.00002 0.666
1200.0 0.004065 6230.0 6.58 1.00 0.003833 4 .10 525.0 19.4 1.00002 0.666

130 0.0 0.003752 6750.0 6.58 LOO 0.000769 4.34 556.0 22.3 1.00001 0.666

11.0 0.0 0.003484 7270.0 6.58 LOO 0.000714 4.57 586.0 25.3 1:00001 0.666

1500.0 0.003252 77 90.0 6.58 l.CC 0.000667 4.80 615.0 28.4 1.00001 0.666

• TWO-PHASE BOUNOARY
•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

1.2 ATMOSPHERE ISOBAR

rEMPERATURE VGLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

OEG. K " X .01 CC-ATH/G ATN/K J/G J/G J/G-K J/G-K M/S

' 2.167 0.06726
2.5 0.36789 487.0 2.63 3.868 4.694 1.940 1.862 2.029 231.9
3.0 0.06953 407.0 3.46 4.902 5.747 2.326 1.907 2.339 224.8
3.5 0.07211 309.0 3.91 6. 160 7.057 2.730 2.096 2.962 210.3
4.0 0.07629 203.0 3.83 7.835 8.762 3.185 2.263 3.970 189.9

> 4.424 0. 08281 106.0 3.51 9.790 10.80 3.667 2.454 6.015 162.6
' 4.424 0.4970 29.4 0.469 24.02 29.94 7.993 3.362 11.31 100.1

•..5 0.5142 34.0 0.441 24.50 30.76 8.174 3.331 10.23 102.8
5.0 0.6580 57.1 0.335 27.02 35.03 9.077 3.212 7.521 116.4
5.1 0.6830 60.9 0.321 27.46 3 5.77 9.223 3.198 7.288 118.6

5.2 0.7073 64.6 0.309 27.88 36.48 9.363 3.187 7.094 120.7
5.3 0.7310 68.1 0.299 28.30 37.19 9.496 3.177 6.930 122.7
5.". 0.7542 71.6 0.269 28.70 37.87 9.625 3.168 6.790 124.7
5.5 0.7769 74.9 C.280 29.10 38.54 9.748 3.160 6.669 126.5
5.6 0.7992 78.1 0.271 29.49 39.21 9.867 3.154 6.563 128.4
5.7 0.8212 91.3 0.263 29.87 39.86 9.98 3.148 6.470 130.1
5.8 0.8429 34.4 0.256 30.25 40.50 10.09 3.143 6.338 131.9
5.9 0.8644 87.5 0.249 30.62 41.13 1C.20 3.138 6.315 133.5
6.0 0.8856 90.5 0.243 31. 41.76 10.31 3.135 6.249 135.

2

6.5 0.9886 105.0 0.216 32.60 44.82 10.80 3.122 6.002 142.8

7.0 1.088 118.0 0.196 34.55 47.78 11.24 3.115 5.840 149.9
7.5 1.185 131.0 0.179 36.26 50.67 11.64 3.112 5.728 156.4
e.o 1.280 144.0 0.166 37.95 53.51 12.00 3.111 5.645 162.5
8.5 1.374 156.0 0.154 39.61 56.32 12.34 3.110 5.583 168.3
9.0 1.467 168.0 0.144 41.26 59.10 12.66 3.111 5.533 173.9
9.5 1.559 180.0 0.135 42.90 61. es 12.96 3.111 5.494 179.2

10.0 1.65 3 191.0 0.128 44.53 64.59 13.24 3.112 5.462 164.3
11.0 1.833 214.0 0.115 47.77 70.02 13.76 3.113 5.414 194.1
12.0 2.009 236.0 0.104 50.98 75.41 14.23 3.115 5.378 203.3
13.0 2.187 25e.O 0. 0958 54.18 80.77 14.65 3.116 5.351 212.0

14.0 2.363 280.0 3. 0885 57. 37 86.10 15.05 3.117 5.330 220.3
15.0 2.53 9 302.0 0.0822 60.55 91.42 15.42 3.118 5.313 228.3
16.0 2.715 323.0 0.0768 63.72 96.73 15.76 3.113 5.298 236.0
17.0 2.889 345.0 0.0721 66.89 102.0 16.08 3.118 5.286 243.4
18.0 3.064 366.0 3.0679 70. 05 107.3 16.38 3.119 5.276 250.5
19.0 3.238 388.0 0.0642 73.20 112.6 16.67 3.119 5.267 257.5
20.0 3.411 409.0 C. 06 09 76. 36 117.8 16.94 3.119 5.260 264.2
21.0 3.594 430.0 0.0579 79.51 123.1 17.19 3.119 5.254 270.8
22.0 3.753 451.0 0.3552 82.65 128.3 17.44 3.119 5.248 277.2
23.0 3.930 472.0 0. 0528 85.80 133.6 17.67 3.119 5.244 283.5

24.0 4. 103 493.0 0.0505 88.94 138.8 17.39 3.119 5.239 289.6
25.0 4.276 514.0 0.0485 92. 08 144.1 18.11 3.119 5.236 295.5
26.0 4.448 534.0 0.0466 95.22 149.3 18.31 3.119 5.232 301.4
28.0 4.792 576.0 0.C432 101.5 159.8 18.70 3.119 5.227 312.8
30.0 5.135 618.0 0.04C3 107.8 170.2 19.06 3.119 5.222 323.7
32.0 5.480 659.0 0.0377 114.0 180.6 19.40 3.119 5.219 334.3
34.0 5.823 701.0 0.03E5 120. 3 191.1 19.71 3.119 5.216 344.5
36.0 6.167 742.0 0. 0335 126.5 201.5 20.01 3.118 5.213 354.5
38.0 6.513 783.0 0.0317 132.8 211.9 20.29 3.118 5.211 364.2
1.0.0 6.853 825.0 0. 0301 139. 222.4 20.56 3.118 5.209 373.6

45.0 7.733 928.0 0. 0267 154. 7 248.4 21.17 3.118 5.205 396.1
50.0 8.565 1030.0 0. C240 170.3 27 4.4 21.72 3.118 5.203 417.4
55.0 9.421 1130.0 0.0219 185.9 300.4 22.22 3.118 5.201 437.7
60.0 10.28 124C.0 0.0200 201.5 326.4 22.67 3.117 5.200 457.1
65.0 11.13 1340.0 0.0185 217.1 35 2.4 23.09 3.117 5.199 475.6
70.0 11.99 144C.0 3.0172 2 32.7 37 8.4 23.47 3.117 5.198 493.5
75.0 12.84 1540.0 0. 0160 248. 3 404.4 23.83 3.117 5.197 510.7
60. 13.70 1650.0 0.0150 263.8 430.4 24.17 3.117 5.196 527.4
90.0 15.40 1850.0 0. 0133 295.0 482.3 24.78 3.117 5.196 559.3
100.0 17.11 206C.0 0.0120 526.2 534.3 25.33 3.117 5.195 589.4

125.0 21.39 2570.0 0.00960 404. 1 664.2 26.49 3.117 5.194 658.7
15 CO 25.66 308G.O c.ooeoo 482.0 794.0 27.43 3.116 5.194 721.4
175.0 29.93 3600.0 0.03686 559.9 923.8 28.23 3.116 5.194 779.1
200.0 34.20 4110.0 0.00600 637.9 1054.0 2e-93 3.116 5. 193 832.8
225.0 38.47 4620.0 0.00533 715.8 1184.0 29.54 3.116 5.193 883.2
25 0.0 42.74 5130.0 0.00480 793. 7 1313.0 30.09 3.116 5. 193 930.9
27 5.0 47.01 564 0.0 0. 00436 871.6 1443.0 30.58 3.116 5.193 976.3
300.0 51.28 6160.0 O.C0400 949.5 1573.0 31.33 3.116 5.193 1023.0
35 0.0 59.82 7180.0 0.00343 1105.0 1833.0 31.93 3.116 5.193 1101.0
400.0 68.36 8210.0 0.30300 1261.0 2092.0 32.53 3.116 5.193 1177.0

45 0.0 76.91 9230.0 G. 26

7

1417. 2352.0 33.14 3.116 5.193 1248.0
500.0 85.45 10300.0 3.00240 15 73. 2612.0 33.68 3.116 5. 193 1316.

C

600.0 102.5 12300.0 0.00200 18 84.0 3131.0 34.63 3.116 5.193 1441.0
700.0 119.6 14400.0 0. 00171 2196. 3650.0 35.43 3.116 5.193 1557.0
800.0 136.7 16400.0 C.0C150 2507.0 4169.0 36.13 3.116 5.193 1664.0
900.0 153.8 1S500.0 0.00133 2819. 4689.0 36.74 3.116 5.193 1765.0

1000.0 170.9 20500.0 0.00120 3131.0 5208.0 37.28 3.116 5. 193 1861.0
1100.0 187.9 2 2600.0 0. CG109 3442. 5727.0 !7.78 3.116 5.193 1952.0
1200.0 205.0 2 4600.0 0. CC100 3754. 6247.

C

38.23 3.116 5.193 2038.0
1300.0 222.1 26700.0 0.000923 4365. 6766.0 38.65 3.116 5.193 2121.0

1400.0 239.2 2e700.0 0. 0OC857 4377. 7285.0 39.03 3.116 5.193 2202.0
1500.0 256.3 30800.0 C. C0C800 4689. 7805. 39.39 3.116 5.193 2279.

C

HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



1.2 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY -V1DP/OVI IDV/DT1/V THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CH-S SO-CM/S
•• X 1O0OO00

PRANOTL
NUMBER

14.8?
14.73 55 3
14.33 39 .6

13.87 33 3

13.11 27 6
12.09 22
2.053 14 6
1.945 15 3
1.520 19 5

1.464 20 2

1.414 20 9

1.368 21 6
1.326 22 3
1.287 23
1.251 23 J

1.218 24 3
1.186 25
1.157 25 6
1.129 26 3

1.012 29 4

0.9191 32 4
0.8439 35 4

0.7811 38 3
0.7278 41 1
0.6818 44
0.6416 46 8

0.6061 49 5

0.5464 55 1
0.4978 60 b

0.4573 66 a

0.4231 71 4
0.3938 76 8

0.3684 82 2
0.3461 87 5

0.3264 92 8

0.3069 98 2

0.2932 103
0.2790 109

.2437 125

.2339 130

.2248 135

.2387 146

.1947 156

.1825 166

.1717 177

.1522 187

42.8
26.6
12.8
0.604
0.661
0.868
0.892

0.913
0.932
0.949
.964
.978

0.990
LOG

1.11
1.12
1.13
1 .14
1.15
1.16
1.17
1.18

1.20
1 .20
1.20

0.0367
0.0591
0.0 88 9

0.144
0.273
0.777
0.667
0.386
0.360

0.339
0.320
0.304
0.290
0.277
0.266
0.2 56
0.246
0.238
0.204

0.136
0.126
0.117
0.110
0.0 98 2

0.G88 8

0.0811

0.0746
1.0692
0.0645
0.0604
0.0568
G.0 53 7

0.0 50 8

0.0483
0.0 46

. 44 3

0.0421
0.0 40 3

0.0 38 7

CO 35 9

G.0 33 5

0.0 313
0.0295
G.0 27 8

0.0 26 3

0.0 25.

.168

.182

.192

.198

.197

.116

0.116
0.117
0.119
0.123
0.121
0.122
0.124
0.125
0.126
0.133

3.139
3.146
0.152
3.158
0.164
3.170
0.176
0.186
3.197
0.207

0.216
0.225
0.2 34
0.243
0.252
0.260
0.268
0.276
3.284
0.291

3.299
0.306
0.313
0.328
0.342
3.355
3.369
0.382
0.395

15.4
15.5
15.7
15.9
16.1
17.0

407

0.0G3563
0.000542
0.000468
0.00038G
G. 003271
0.0GJ498
0.00i,573
G.001GG
C.001C8

0.0G116
0.00124
0.0ul32
0.0G140
0.00147
0.0G155
3.00163
0.00171
0.00179
0.00219

0.0026G
0.003G2
0.00345
0.00389
O.0C435
0.00482
0.005 3G

0.0063G
0.00 735

. C 8 44

0.00959
0.0138
0.012C
0.0133
0.0146
0.016
0.0174
0.0188
0.3203
0.0218

0.0234
0.025C
0.0266
0.0 30
0.0336
0.0 37 3

C0411
0.0451
0.0493
3.0536

1.05545
1.05412
1.05215
1.04924
1.04531
1.00762
1.00722
1.00564
1.00543

1.03524
1.00507
1.03492
1.00477
1.31464
1.00451
1.00440
1.00429
1.30419
1.30375

1.03341
1.00313
1.00289
1.03273
1.00253
1.00238
1.00225
1.03202
1.00184
1.C3169

1.U0157
1.03146
1.33136
1.03128
1.00121
1.00114
1.03109
1.03103
1.00099
1.03094

1.00090
1.03087
1.00083
1.03077
1.00372
1.00368
1.00064
1.03063

0.480
0.5G0
0.568
0.683
0.935
1.31
1.21

0.893
0.874
0.859
0.845
0.833
0.8 22
G.812
0.804

0.748
0.735
0.726
0.719
0.714
0.711
0.7u8
0.705
0.7G3
0.702

G.7C2
0.702
0.702
0.703
0.7G4
G.704
0.705
0.7C5
0.706
0.707

0.707
0.7C8
0.708
0.709
0.7C9
0.710
0.710
0.710
0.710
0.710

125.0
150.3
175.0
200.0
22 5.0
250.0
275.0
330.3
350.

G

43G.0

450.0
500.0
6D0.0
700.3
830.0
900. C

1333.0
1100.
1230.0
1303.

C

1430.0

1297 234.0
.1168 260.3
.1061 286.0
.39731 312.0
38984 338.0

c 08343 364.0
07788 390. D

.37332 416.3
36491 468.0
05843 520.0

.04676 650.0
03898 780.3
03341 910.0
02924 1043.3
02599 1170.0

G 'J234U 1303.3
02127 1430.
01950 1560.3
01672 1820.0
31463 2083.3

01300 2340.0
.01173 2630.0
009753 3120.0

G 338363 3640. C

037316 4160.
006503 4670.3

II 005853 5190.0
G 035321 5710.0

034977 6230.3
a .034502 6750.0

G 034181 727G.3
.033902 7790.0

6.59
6.58
6.58

1.20
1.2C
1 .20
1.20
1.23
1.20
1.20

1.23
1.20
1.21
1.20
1 .20
1.20
1 .2c
1.20
1.20
1.20

1.23
1.23
1 .20
1.20
1.23
1.20
1.20

0.U22 2

0.0203
0.018 2

0.0166
0.G15 4

C.C14 3

0.0133
0.012 5

0.0111
0.C133

CO 07 99
0.03666
0.00571
.03503

0.03363
0.03333
0.00286
G.O 025-

0.C0222
0.03230
G. 03167
0.00143
G. 00125
0.00111
o . o . i : o

G.G3G909
0.G33833
0.0u0769

.856

.969
111.
125.
139.
151.

199.3
222. G

243.3

.3649

.0770

.0901

0.352
0.479
0.621
0.777
3.947
1.13
1.32
1.53

1.C3043
1.0.339
1.00036
1.03033
1.00031
1.GJ029
1.33327
1.00J24
1.00322

1.00017
1.03014
1.30012
1.03011
1.00U10
1.03309
1.03038
1.03307

1.33335
1.03034
1.33334
1.30003
1.33303
1.30032
1.C3GC2
1.30002
1.00332
1.KJ032

0.7C9
0.7G8
0.706
0.704
0.703
0.701
0.699
0.697
C694
0.691

0.673
0.670
0.668
0.667
0.666
0.667
0.667
0.669
0.668
0.668

0.663
0.668
C667
0.667
0.667
3.666
0.666
3.666
0.666
0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



ATMOSPHERE ISOBAR
THERMODYNAMIC PROPFPTIES OF HELIUM l>

EMPERATUP.E VOLUME
CC/S

DFG. K •• X .01

2.165 0.36708
2.5 0.06769
3.0 0.06928
3.5 0.07177
"..(1 0.07575
4.5 0.08330
4.602 0.08601
4.602 0. ".373

ISOTHERM
DERIVATIVE
CC-ATM/G

ISOCHCRE
DERIVATIVE

ATM/K

36.0
38.0

0.6512
0.6'83
0.6930
0.7174
0.7354
0.3234

0.9152

45 6 611
50 7 345
55 8 079
60 8 812
65 9 545
70 10 28
75 11 01

80 11 74
90 13 21
100 14 67

125 18 33
15 22 03
175 25 66
200 29 32

225 32 98
250 36 64
275 40 30
300 43 96
350 51 28
400 58 60

45 65 92
50 73 24
600 87 89
700 102 5
800 117 2

90 131 a

1000 146 5
1100 ltl 1

1200 175 7

1300 190 "•

1400 205
150 219 7

56.0
60.0
63.9

1.327 177.0
1.406 189.0
1.562 212.0
1.716 236.0
1.869 257.0

2.022 279.0
2.173 301.0
2. 324 323.0
2.474 344.0
2.624 366.0
2.77. 387.0
2.923 408.0
3. 072 43C.0
3.221 451.0
3.369 -72.0

3.517 493.0
3.665 514.0
3.813 535.0
4.109 577.0
4.404 618.0
4.699 660.0
4.99-. 701.0

929.0
1030.0
1130.0
1240.
1340.0
1440.0
1550.0
1650.0
1850.0
2060.0

257C.0
5080.0
36UO.0
.110.0
4620.0
5130.0
565 0.0
6160.0
7180.0
8210.0

9230.0
10300-0
12300.0
14400.
16400.0
18500.0
2050C.C
2 2600.0

28700.0
30800.0

388
372
257
345
333

c 322
g 312

203
295
260

. 197

. 182

.170

. 160

.150

844
3. 0795
0.0751
0.C712
0. 0677
0. 0646
0. 3617

INTERNAL
ENERGY
J/G

3.852
4. B73
6. 134
7.752

10. 04
10.69
23.79
26.23
26. 73

27.20

29 35
29 75
30 14
30 53
32 40

37.66
39.34
41. 01

42.67
44.31
47.57
50. 8C
54. 01

57.21
60.40
63.58
66. 76
69.93
73. 09
76.25
75.41
62.56
85.71

0391 126 5

37 132 7

0351 139

0312 154 6

0281 170 2

0255 185 8

0234 201 4

0216 217 c

0200 232 6
0187 248 2

0175 263 8

D 0156 295
0140 326 2

0112 404 1

a 00933 482
00800 5 59 9

00700 637 q

00622 715 8

00*60 793 7

00509 871 6

00467 949 5
00400 1105
00350 1261

00311 1417
00280 1573
C0233 1884
00200 2196

3 00175 2507
C0156 2819
00140 3131

c 00127 3442
00117 375..
00108 4065

00100 4 3 77

3 0C0933 4689.

ENTHALPY

J/G

5. e56
7.152
8.827

11.73
11.91
29.57
33.63
34.52

35.33
36.10
36.84
37.57
38.28
38.97
39.65
40.32

.15

50.15
5 3.04
55.89
58.70
61.49
64.25
69.72
75.14
80.53

85.89
91.23
96.55
101.9
107.2
112.4
117.7
123.0
128.2
133.5

138.7
144.0
149.2
159.7
170.2
180.6
191.1
201.5
211.9
222.2

248.4
27 4.4
300.4
326.4
352.4
37 8.4
404.4
430.4
482.4
534.3

664.2
794.1
923.9

1054.0
1184.0
1313.0
1443.0
1573.0
1833.0
2092.0

2352.0
2612.0
3131.0
3650.0
4170.0
4689.0
5208.0
5727.0
6247.0
6766.0

E1TROPY

J/G-K

1.933
2.316
2.716
3.162
3.725
3.876
7.710
8.570
8.736

9.178
9.311
9.439
9.561
9.679
9.794
9.904

1C.41

10.36
11.27
11.65
11.99
12.31
12.61
12.90
13.42
13.89
14.32

14.72
15.09
15.43
15.75
16.06
16.34
16.61
16.87
17.11
17.35

17.57
17.78
17.99
18.38
18.74
19.08
19.39
19.69
19.97
20.24

20.35
21.40
21.90
22.35
22.77
23.15
23.51
27.85
24.46
25.01

26.17
27.11
27.91
28.61
29.22
29.77
30.26
30.71
31.51
32.21

32.82
33.36
34.31
35.11
35.81
36.42
36.96
37.46
37.91
38.33

38.71
39.07

VELOCITY
CF SOUNC

2.092
2.261
2.480

3.228

3.21?
3.198
3.187
3.176
3.168
3.160
3.153
3.148
3.143
3.125

3.117
3.112
3.110
3. IK
3.110
3.111
3.11?
3.113
3. 115
3.116

3.117
3.118
3.118
3.119
3.119
3.119
3.119
3.120
3.120
3.120

3.120
3.120
3.120
3.11"
3.119
3.119
3.119
3.119
3.119
3.119

3.118
3.118
3.118
3.118
3.117
3.117
3.117
3.117
3.117
3.117

3.117
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

3.116
3.116

2 C13 234 .2

2 324 227 3

2 930 213 3

3 879 193 .9
6 233 162 ,5
7 468 153 G

13 55 99 7

8 633 112 8

8 194 115 3

7 852 117 7

7 576 120 .0

7 349 122 2
7 159 124 2

6 958 126 .2

6 859 128 ,1

6 738 129 .9

6 632 131 7
6 539 133 5
6 198 141 .5

5 985 148 8

5 840 155 .6

5 736 161 .9

5 658 167 8

5 597 173 5
5 549 178 9

5 510 184 1

5 453 193 9

5 411 203 2
5 379 212 C

5 354 220 4
5 333 228 4

5 316 236 1
5 302 243 5

5 290 250 7
5 280 257 7
5 271 264 4

5 264 271
5 258 277 4

5 252 283 7

5 247 289 8

5 243 295 8

5 239 301 6

5 232 313
5 227 324
5 223 334 5

5 219 344 8

5 216 354 7

5 214 364 4

5 212 373 a

5 208 396 4
5 205 417 7
5 202 437 9
5. 201 457 3

5 199 475 8
5. 198 493 7
5. 198 510 9
5 197 527 6
5. 196 559 5
5. 195 589 6

5. 194 658 9
5 194 721 e
5. 194 779 2
5. 193 832 9
5. 193 883 3
5. 193 931.
5. 193 976. 3
5. 193 1020
5. 193 1101
5. 193 1177

5. 193 1249. c

5. 193 1316.
s. 193 1442.
5. 193 1557.
5. 193 1664.
5. 193 1765.
5. 193 1861.
5. 193 1552.
5. 193 2038.
5. 193 2122.

5. 193 2202.
5. 193 2279.

THO-PHASE EOUNOARY
NUMBERS IN THIS COLUMN HAVE PEEN MULTIPLIED BY THC INOICATED FACTOR



1.1. ATMOSFHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY VCDM/OV) V (DP/OU)

ATM-CC/J

-V (OP/OV1 (OV/OT) /V THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K C/CM-S SO-CM/S
•" X 1G0C0O0

2.165
2.5
3.0
3.5

16.0
17.0

130.0

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
•0 0.0

450.0
500.0
60 0.0
700.0
SO 0.0
900.0
iooo.o
1100.0
1200.0
1300.0

i.77
. .<.3

2.1.55

1.903
1.819

1.746
1.630
1.621
1.568
1.519
1.1.71.

1.1.33

1.39".
1.358
1.207

1.091
0.999
0.9220
0.8571.
0.8020
0.7538
0.711*
0.6403
0.5827
0.5349

0.4946
0.4602
0..303
0.4041
0.3810
0.3605
0.3421
0.3255
0.3105
0.2968

0.2843
0.2728
0.2622
0.2434
0.2271
0.2128
0.2003
0.1891
0.1791
0.1702

0.1513
0.1361
0.1238
0.1135
0.1048
0.09730
0.09C82
0.08515
0.07571
0.05815

0.C5454
0.04546
0.03898
0.03411
0.03032
0.02729
0.02481
0.02275
0.01950
O.C1706

0.01517
0.01365
0.01138
0.009753
0.008535
0.007586
0.006828
0.005207
O.G05690
0.005253

73.6
60.3

22.1
20.4

92.7
98.1

103.

D

109.0
114.0
119.0

125.0
130.0
135.0
146.0
156.0
167.0
177.0
187.0
198.0
208.0

234.0
260.0
287.0
313.0
339.0
365.0
391.0
417.0
466.0
520.

650.0
780.0
910.

n

10411.0
1170.0
1300.0
1430.0
1560.0
1820.0
2080.0

2340.0
2600.0
3120. C

3640.0
4160.0
4670.0
5190.0
5710.0
6230.0
6750.0

11.8
11.3

6.92
6.92
6.92

0.0 35 8

0.0 57 5

0.0 85 8

C.136
0.282
0.367
0.945
0.474
0.431

0.397
0.369
C.345
0.325
0.308
0.293
0.230
0.268
0.257
0.216

0.188

.169

.183

.193

.199

.198

.200

.127

.119

.119

.121

.122

.127

.128

.134

C.Ou 473

152 153
139 159
129 165
120 171
112 J 176
lOu 187
0897 197
0818 207

0752 J 217
0696 .226
0648 3 .235
0607 .244
57 252

0538 .269
0513 269
048- .276

38 8 314
C359 328
33 5 342

0314 356
0295 369
27 8 382

C26 3 .395
C 25 .408

0222 3 .438
020>. .468
018 2 .498
0166 .526
015.. .554
0143 .581
0133 .608
0125 .634
0111 .686
01C0 a .736

Q 00799 .856
00666 .969
0U571 l .08

c 00499 l .18
00444 l .28

c 00400 i .37
00363 i .46
00333 l .55

6.58
6.58

00222 2 05
00200 2 21
00167 2 51
00143 2 80
.00125 3 07
00111 3 34
00100 3 60

000939 3 85
.030833 4 10

.000769 * 34

000714 1, 57
.000667 4 80

97.8

111.0
125.0
139.0
151.0
164.0
176.

C

322.0
359.0
394.0
428.0
462.0
494.0
525.0
556.0

G.u0039o
C. 000265
0.000230
0.003282
0.000725
0.000801

0.003875
0.000948
0.00102
0.00109
C. CO 116
0.00123
0.0 0130
0.00137
0.00144
0.0C18C

0.00216
0.00252
0.0029C
0.00328
0.003E8
0.00408
0.00450
0.G0536
0.00626
0.00721

0.0CS19
0.00922
0.0103
0.0114
0.0125
0.0137
0.0149
0.C161
0.0174

0.02C1
3.0214
0.0229
0.C258
0.0288
0.032!,

0.0 35 3

0.0387
0.0423
0.046C

C.0557
0.0 661
u.0773
0.0891
3. 102
0.115
0.129
0.143
0.174

0.302
0.411
0.532
0.666
0.811
0.968
1.13
1.31
1.70

8.47
13.1

1.35240
1.04>961
1.04535
1.04361
1.00911
1.03736
1.0o675

1.00648
1.03623
1.03601
1.00581
1.03563
1.03547
1.00531
1.C3517
1.00503

1.03342
1. jG31S
1.00297
1.00279
1.03264
1.33237
1.03216
1.00198

1.00183
1.C3170
1.C3159
1.0,150
1.03141
1.30134
1.00127
1.33121
1.33115
1.00110

1.00105
1.33101
1.00097
1.33090

1.03050
1.00046

J042
1.03039
1.30036
1.00334
l.;0332
1.C0028
1.31025

1.00020
1.00017
1.00014
1.G0013
1.00011
1.00010
1.03009
I.OjOGS
1.03007
1.03006

1.03006
1.00005
1.03034
1.03004
1.33033
1.3.1003
1.00003
1.03002
1.00002
1.00002

0.480
0.501
0.566
0.669
0.9E1
1.10
1.52

0.984
0.954
0.928
0.907
0.889
0.873
0.859
0.846
0.835
0.795

0.769
0.752
0.740
0.731
0.724
0.719
0.716
0.711
0.708
0.706

0.7C5
0.705
0.705
0.705
0.706
0.706
0.706
C.707
0.707
U.7C8

0.7CS
0.709
0.7C9
0.7C9
0.710
0.710
0.710
0.710
0.710
0.710

0.709
0,708
0.706
0.704
0.7C3
0.7C1
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.668
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

0.666
0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES
1.6 ATMOSPHERE ISOBAR

rEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEO. K •• X .01 CD-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

' 2.163 0.06691
2.5 0.06750 509.0 2.63 3.637 4.931 1.925 1.841 1.996 236.5
3.0 0.06904 429.0 3.48 4. 846 5.966 2.305 1.901 2.309 229.8
3.5 0.07145 333.0 3.86 6.090 7.248 2.702 2.089 2.900 216.3
4.0 0-07524 229.0 3.93 7.676 8.896 3.141 2.255 3.798 197.7
"..5 0.08214 119.0 3.60 9.873 11.20 3.663 2.465 5.820 168.4

' "..761. 0.08982 54.5 3.16 11.64 13.10 4.091 2.633 9.763 143.1
> "..764 0.3431 19.0 0.681 23.42 28.98 7.422 3.363 17.21 99.09

5.0 0.4192 35.9 0.545 25.25 32.05 8.052 3.290 10.65 108.5
5.1 0.4446 41.5 0.510 25.86 33.06 8.253 3.264 9.678 111.6

5.2 0.46 8 46.5 0.482 26.41 34.00 B.434 3.242 9.005 114.4
5.3 0.49 31 51.2 0.458 26.92 34.37 8.600 3.224 8.507 117.0
5.". 0.5111 55.6 0.437 27.41 35.70 8.756 3.209 8.122 119.4
5.5 0.5312 59.8 0.419 27.88 36.50 8.902 3.195 7.814 121.7
5.6 0.5507 63.8 0.403 28.34 37.26 9.040 3.184 7.561 123.9
5.7 0.5696 67.6 0.388 26.78 38.01 9.172 3.174 7.351 125.9
5.8 0.5880 71.3 0.375 29.20 38.74 9.298 3.166 7.173 127.9
5.9 0.6060 74.9 0.363 29.62 39.45 9.420 3.158 7.020 129.6
6.0 0.6236 78.4 0.352 30.03 40.14 9.537 3.152 6.887 131.7
6.5 0.7077 94.6 0.307 31.96 43.46 10.07 3.130 6.422 140.2

7.0 0.7870 109.0 0.275 33.83 46.59 10.53 3.119 6.144 147.8
7.5 0.8634 123.0 0.249 35.6 2 49.62 10.95 3.113 5.961 154.8
e.o 0.9377 137.0 0.229 37.36 5 2.56 11.33 3.110 5.832 161.2
e.5 1.010 150.0 0.211 39.07 55.45 11.68 3.110 5.737 167.3
9.0 1.082 162.0 0.197 40.76 58.30 12.01 3.110 5.663 173.0
9.5 1.153 175.0 0.165 42.43 61.12 12.31 3.110 5.606 178.5

10.0 1.223 187.0 0.174 44.09 63.91 12.60 3.111 5.559 183.8
11.0 1.360 210.0 0. 156 47.37 69.42 13.12 3.113 5.492 193.8
12.0 1.496 233.0 0.141 50.61 74.67 13.60 3.114 5.443 203.1
13.0 1.631 256.0 0.129 53.84 8 0.29 14.0 3 3.116 5.406 212.0

14.0 1.765 276.0 0.119 57.05 85.67 14.43 3.117 5.377 220.4
15.0 1.899 300.0 0.111 60.25 91.03 14.80 3.116 5.354 228.5
16.0 2.031 322.0 0.103 63.45 96.38 15.15 3.119 5.334 236.2
17.0 2.163 344.0 0. 0968 66.63 101.7 15.47 3.119 5.318 243.7
le.o 2.29 5 365.0 0.0912 69.81 107.0 15.77 3.120 5.304 250.9
19.0 2.426 387.0 0.0861 72. 98 112.3 16.06 3-120 5.292 257.6
20.0 2.557 408. 0.0816 76.15 117.6 16.33 3.120 5.283 264.6
21.0 2.688 430.0 C. 0776 79.31 122.9 16.59 3.120 5.274 271.2
22.0 2.813 451.0 0.0739 82.46 128.1 16.83 3.120 5.267 277.6
23.0 2.94 3 472.0 0. 0706 85.62 133.4 17.07 3.120 5.260 263.9

24.0 3.073 493.

G

0.C676 88.77 138.7 17.29 3.120 5.255 29 0.0
25.0 3.208 514.0 0.0648 91.92 143.9 17.50 3.120 5.250 296.0
26.0 3.333 535.0 0.0622 95.06 149.2 17.71 3.120 5.246 301.9
26.0 3.59 7 577.0 0.0577 101.3 159.7 18.10 3.120 5.238 313.2
30.0 3.855 619.0 0.C538 107.6 170.1 18.46 3.120 5.232 324.2
32.0 4.113 660.0 0. 0504 113.9 180.6 16.80 3.120 5.227 334.8
34.0 4.371 702.0 0.0474 120.2 191.0 19.11 3.119 5.223 345.0
36.0 4.62 9 743.0 0.0447 126.4 201.5 19.41 3.119 5.220 355.0
38.0 4.387 785.0 0. 0423 132.7 211.9 19.69 3.119 5.217 364.6
1.0.0 5.144 826.0 0. 0402 138.9 222.3 19.96 3.119 5.214 374.1

45.0 5.737 929.0 0.0357 154.6 246.4 20.56 3.119 5.210 396.6
50.0 6.430 1030.0 C.0321 170.2 274.4 21.12 3.115 5.206 417.9
55.0 7.072 1140.0 0.02=1 185. 6 300.5 21.62 3.116 5.204 438.2
60.0 7.714 1240.0 0.0267 201.4 726.5 22.07 3.118 5.202 457.5
65.0 8.355 1340.0 0. 0246 217.0 35 2.5 22.49 3.118 5.200 476.1
70.0 8.997 1440.0 0. 0229 232.6 378.5 22.87 3.118 5. 199 493.9
75.0 9.638 1550.0 0. 0214 248. 2 404.5 23.23 3.117 5.196 511.1
ec.o 10.23 1650.0 O.C2C0 263.8 430.5 23.57 3.117 5.198 527.8
9C.0 11.56 1350.0 0.0178 295.0 482.4 24.18 3.117 5. 196 559.6
100.0 12.34 2060.0 0.0160 326.2 534.4 24.73 3.117 5.196 589.6

125.0 16. 35 2570.0 0.0128 404.1 664.3 25.89 3.117 5.195 659.1
15 0.0 19.25 3080.0 0. 01C7 482. 794.1 26.8 3 3.117 5.194 721.7
175.0 22.45 36 0.0 0. 00914 559.9 924.0 27.64 3.116 5.194 779.3
200.0 25.66 4110.0 0.00800 637.9 1054.0 26.33 3.116 5.193 833.0
225.0 2 8.86 4620.0 0. C0711 715.8 1184.

r

26.94 3.116 5. 193 863.4
25 0.0 22.06 5130.0 0.00640 793.7 1313.0 29.49 3.116 5.193 931.1
275.0 35.27 5650.0 0.00582 871.6 1443.

C

2°. 96 3.116 5.193 976.4
300.0 38.47 6160.0 0. 00533 949. 5 1573.0 30.43 3.116 5.193 1020.0
35 0.0 44.87 7180.0 0.00457 1105.

C

1833.0 31.24 3.116 5.193 1101.0
40 0.0 51.23 8210.0 0. 00400 1261.0 2092.0 31.93 3.116 5.193 1177.0

450.0 57.69 9230.0 0.00356 1417.0 2352.0 32.54 3.116 5.193 1249.0
500.0 64.09 10300.0 0.00320 1573.0 2612.0 33.09 3.116 5.193 1316.0
6C0.0 76.90 123CC.0 0.00267 18 84.0 3131.0 34.0 3 3.116 5.153 1442.0
700.0 69.72 14400.0 0. 00229 2196.0 3650. 34.83 3.116 5. 193 1557.0
800.0 102.5 1640 0.0 0.00200 2507.0 4170.0 35.53 3.116 5.193 1664.0
900.0 115.3 16500.0 0.00176 2819. 4689.0 36.14 3.116 5.193 1765.0

1000.0 128.2 20500.0 O.G0160 3131.0 5208.0 36.69 3.116 5.193 1861.0
1100.0 141.0 2 2600.0 0.00145 3442. 5728.0 37.18 3.116 5.193 1552.0
1200.0 153.8 2 4600.0 0.00133 3754. 6247.0 37.63 3.116 5.193 2038.0
1300.0 166.5 26700.0 0.00123 4065. 6766.0 38.05 3.116 5.193 2122.0

1400.0 179.4 28700.0 0.00114 4 3 77.0 7285.0 38.43 3.116 5.193 2202.0
1500.0 192.2 30300.0 0.00107 4689.0 7805.0 38.79 3.116 5. 193 2279.0

THO-PHASE EOUNOARY
NUMBERS IN THIS COLUMN AVE BEEN MULTIPLIEC eY THE INDICATED FACTOR



1.6 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MH/CM-K G/CM-S SO-CH/S
•• X lOoCOOO

2.163 1* .95
2.5 1<> 81
3.0 14 ."•8

3.5 14 .00
4.0 13 .29
4.5 12 17
../« 11 .13
4.764 2 915
5.0 2 .388
5.1 2 .249

5.2 2 .137
5.3 2 040
5.1. 1 957
5.5 1 882
5.6 1 816
5.7 1 756
5.S 1 701
5.9 1 650
6.0 1 604

41.3
35.0

8.0 1.066 37.2
8.5 0.9897 40.2
9.0 0.9242 43.1
9.5 0.8576 46.0

10.0 0.8180 48.9
11.0 0.7351 54.5
12.0 0.6583 60.0
13.0 0.6130 65.5

14.0 0.5665 71.0
15.0 0.5267 76.5
16.0 0.4923 81.9
17.0 0.4523 S7.3
18.0 0.4358 92.6
19.0 0.4122 98.0
20.0 0.3911 103.0
21.0 0.3721 109.0
22.0 0.3549 114.0
23.0 0.3392 119.0

24.0 0.3249 125.0
25.0 0.3117 130.0
26.0 0.2996 135.0
28.0 0.2780 146.0
30.0 0.2594 156.0
32.0 0.2431 167.0
34. 0.2288 177.0
36.0 0.2160 188. G

12.6
13.2

6.96
6.97
6.97

45.0 0.1728 235.0 6.62
50.0 0.1555 261.0 6.61
55.0 0.1414 287.0 6.61
60.0 0.1296 313.0 6.61
65.0 0.1197 339.0 6.61
70.0 0.1112 365.0 6.60
75.0 0.1038 391.0 6.60
83.0 0.09729 417.0 6.6C
90.0 0.08650 469.0 6.60
100.0 0.07786 521.0 6.59

125.0 0.06232 650.0 6.59
150.0 0.05195 780.0 6.59
175.0 0.04454 910. D 6.59
2GC.0 0.03898 1040.0 6.59
225.0 .03465 1170.0 6.58
250.0 0.03119 1300.0 6.58
275.0 0.02836 1430.0 6.58
300.0 0.02600 1560.0 6.58
350.0 0.02228 1820.

C

6.58
400.0 .01950 2083.0 6.58

45 0.0 0.01734 2340.0 6.58
500.0 0.01560 2600. 6.58
600.0 0.01300 3120.0 6.58
700.

D

0.01115 3640.0 6.58
800.0 0.009753 4160.0 6.58
900.0 .00B67O 4680. 6.58
1000.0 0.007803 5190.0 6.58
1130.0 0.007094 5710.0 6.58
120 0.0 0.006503 6230.0 6.58
1300.0 0. 005003 6753.0 6.58

140 0.0 0.005574 7273.0 6.58
1500.0 0.005203 7790.

C

6.58

5.4 0.0 349 0.169 40.7 0.000572 1 C5577 0.480
2.1 0.0559 0.184 39.9 0.000550 1 05450 0.501
6.5 O.0 82 9 0.194 37.8 0.000478 1 0526-. 0.564
.4 0.129 0.201 34.9 0.000398 1 04995 0.660

4.4 0.249 0.201 31.2 0.000283 1 04569 0.905
6.07 0.521 0.203 28.4 0.003187 1 04174 1.36
0.555 1.23 0.142 15.2 0.000283 1 31383 1.84
0.857 0.636 0.127 15.3 0.000499 1 00886 1.28
0.933 0.547 0.125 15.4 3.000576 1 01835 1.19

0.994 0.485 0.125 15.5 0.0O0649 1 03793 1.12
1.04 0.438 0.125 15.6 0.000720 1 00757 1.06
1.09 0.402 0.125 15.8 0.000788 1 03726 1.02
1.13 0.3 72 0.126 15.9 0.000856 1 D0698 0.987
1.1b .348 0.127 lb.l 3.000922 1 00674 0.959
1.19 0.327 0.127 16.2 0.000987 1 00651 0.935
1.21 0.339 0.128 16.4 0.30105 1 C3631 0.914
1.24 0.294 0.129 16.5 0.00112 1 03612 0.897
1.26 0.290 3.130 16.7 0.00118 1 03595 0.881
1.34 0.230 0.136 17.5 0.00150 1 00524 0.826

1.39 0.197 0.142 18.3 0.00182 1 00471 0.792
1.43 0.174 0.148 19.2 0.00215 1 C0429 C.770
1 .46 0.157 0.154 20.0 0.00248 1 00395 0.754
1.48 0.143 0.160 20.8 0.03282 1 C367 0.743
1 .50 0.131 0.166 21.5 3.00317 1 00342 0.734
1.51 0.122 0.172 22.3 0.00353 1 03321 0.728
1.53 0.114 0.177 23.1 0.00390 1 03303 0.723
1 .54 0.101 3.188 24.5 0. 00466 1 00272 0.717
1 .56 0.0 90 7 3.198 26.0 0.00545 1 03248 0.713
1.57 0.0825 0.208 27.4 0. 00628 1 03227 0.711

1.57 0.0757 0.218 28.7 0.00715 1 J210 0.709
1.58 0.0700 3.227 30.0 0.008C4 1 00195 0.708
1.59 0.0651 3.236 31.3 . 8 98 1 00182 0.708
1.59 0.0 60 9 3.244 32.5 0.00954 1 03171 0.707
1 .59 u.0573 0.253 33.7 0.0109 1 0.161 0.707
1.59 G.0540 0.261 34.9 0.3120 1 315 3 0.708
1 .60 0.0511 0.269 36.1 0.013C 1 03145 0.708
1.60 0.0485 0.277 37.2 0.0141 1 03138 0.708
1.60 . 46 2 0.285 38.3 0.0152 1 03131 0.708
1.60 0.0 441 0.292 39.4 0.0164 1 03126 C.7C9

1.60 0.0422 0.300 40.5 0.0176 1 03120 0.709
1.60 0.0 40 4 0.307 41.5 0.0186 1 00115 0.7C9
1.60 0.0388 0.314 42.5 0.3200 1 03111 0.710
1.60 0.0 36 0.329 44.6 0.0226 1 00103 0.710
1.60 0.0335 3.343 46.5 0.0252 1 03096 0.71C
1.61 CO 31

4

0.356 48.4 0.0280 1 j 3 09 0.711
1.61 C.0295 0.369 50.3 C.0309 1 00085 0.711
1 .61 0.0278 0.382 52.1 0.0339 1 03080 0.711
1.61 0.0 26 3 0.395 53.8 0.037G 1 03076 0.710
1.61 0.0 25 0.408 55.6 0.0402 1 30372 0.710

1.61 0.0222 0.439 59.7 0.0487 1 3 064 0.709
1 .61 0.0 20 0.469 63.7 0.0579 1 03058 0.708
1.61 0.0182 0.498 67.6 0.0677 1 I Ju 52 0.706
1.61 0.016 6 0.526 71.3 0.078C 1 33348 0.704
1 .61 0.015-. 0.554 74.9 0.0 89 1 03044 0.703
1.60 0.014 3 0.581 78.4 0.101 1 C3C41 0.701
1 .60 0.0133 0.608 81.8 0.113 1 00338 0.699
1.60 0.0125 0.635 85.1 0.126 1 03036 0.697
1.60 0.0111 0.686 91.6 0.153 1 33032 0.694
1 .bu 0.0101 0.736 97.9 0.182 1 00029 0.691

1 .60 0.00799 0.856 111.0 0.264 1 C 3323 0.673
1 .60 0.00666 0.970 125.0 0.359 1 0.019 u.670
1.60 0.03571 1.08 139.0 0.466 1 20 016 0.668
1.60 0.00499 1.18 151.0 0.583 1 C0C1- 0.667
1.60 0.00444 1.28 164.0 0.710 1 03013 0.666
1 .60 0.00400 1.37 176.0 0.847 1 C 3 1

2

0.666
1.60 0.00363 1.46 188.0 0.993 1 D0010 0.667
1.60 0.00333 1.55 199.0 1.15 1 03313 0.669
1 .60 0.00286 1.72 222.0 1.49 1 00008 0.668

1.60 0.00250 1.89 243.0 1.86 1 33307 .668

1 .63 0.00222 2.35 264.0 2.28 1 03306 0.668
1.60 0.00230 2.21 284.0 2.72 1 3C036 0.667
1.60 0.00167 2.51 322.0 3.71 1 ..035 0.667
1.60 U.0cl43 2.80 359.0 4.83 1 033C4 0.667

1.60 0.00125 3.07 394.0 6.06 1 uJUU. 0.667

1.60 0.00111 3.34 42 8.0 7.42 1 00003 0.666
1.60 0.03100 3.60 462.0 8.88 1 : i ; o 3 0.666

1 .60 0.000909 3.85 494.3 10.4 1 00003 0.666

1.60 0.000833 4.10 525.0 12.1 1 :0u32 .666

1 .60 0.000769 4.34 556.0 13.9 1 0000? 0.666

1 .60 o. 000714 4.57 586.0 15.8 1 3J002 0.666

1.60 0.030667 4.80 615.0 17.8 1 33002 0.666

THO-PHASE BOUNOARY
NUM3ER3 IN HIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES CF

1.6 ATMOSPHERE IS09AR

TEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY CF SOUND

DEG. K *» X .01 CC-ATH/G ATM/K J/G J/G J/G-K J/G-K H/S

• 2.161 0.06571.
2.5 0.06732 519.0 2.62 3. 822 5.053 1.918 1.831 1.983 238.7
3.0 0.06882 440.0 3.48 4.821 6. 076 2.295 1.898 2.295 232.2
3.5 0.07111. 344.0 3.88 6.048 7.346 2.6ee 2.085 2.872 219.1
I..0 0.071.76 241.0 3.97 7.605 8.968 3.122 2.249 3.727 201.3
"..5 0.08111. 133.0 3.68 9.722 11.20 3.646 2.453 5.506 173.9

• "..911 0.091.71 33.8 2.93 12.68 14.41 4.323 2.734 14.11 132.9
• 4.911 0.2878 13.2 0.822 22.84 28.09 7.107 3.387 24.45 98.31

5.0 0.321.1. 22.0 0.720 23.89 29.80 7.452 3.343 15.94 103.

C

5.1 0.3552 29.5 0.652 24.74 31.21 7.732 3.307 12.69 107.1

5.2 0.3311 35.8 0.602 25.44 32.39 7.960 3.277 11.03 110.5
5.3 0.101.1. 41.5 0.564 26. 06 33.44 8.160 3.253 9.99 113.6
5.1, 0.1.258 46.6 0.533 26.63 34.40 8.339 3.233 9.267 116.4
5.5 0.1.1.59 51.4 0.506 27. 16 35.30 8.504 3.217 8.734 116.9
5.6 0.4650 55.9 0.48? 27.67 36.15 8.658 3.202 8.323 121.3
5.7 0.1.831. 60.2 0.46 3 28.15 36.97 8. 802 3.190 7.994 123.6
5.8 0.5010 64.3 0.445 28.61 37.75 8.939 3.179 7.726 125.8
5.9 0.5132 68.2 0.429 29. 06 38.51 9.069 3.170 7.502 127.9
6.0 0.531.8 72.0 0.414 29.50 39.25 9.193 3.162 7.312 129.9
6.5 0.6133 89.3 0.358 31.55 42.73 9.751 3.135 6.678 138.9

7.0 0.6863 105.0 0.317 33.46 45.98 10.23 3.121 6.320 146.8
7.5 0.7560 12C.0 0.286 35.29 49.07 10.66 3.114 6.091 153.9
8.0 0.8231. 133.0 0.262 37. 06 52.08 11.05 3.111 5.934 160.6
8.5 0.8892 147.0 0.242 38.8 55.01 11.40 3.109 5.819 166.7
9.0 0.9537 160.0 0.225 40.51 57.90 11.73 3.139 5.732 172.6
9.5 1.017 172.0 0.21C 42.20 60.75 12.04 3.110 5.664 178.2

10.0 1.08 184.0 0.197 43.87 63.57 12.33 3.111 5.610 163.5
11.0 1.201. 208.0 0.177 47.17 69.12 12.86 3.112 5.532 193.6
12.0 1.326 231.0 0.16C 50.43 74.61 13.34 3.114 5.476 203.0
13.0 1.1.1.6 254.0 0.146 53.67 80.05 13.77 3.116 5.434 212.0

I It. 1.565 277.0 0.135 56.90 85.46 14.17 3.117 5.401 220.5
15.0 1.685 299.0 0. 125 60.11 9 0.84 14.55 3.118 5.375 228.6
16.0 1.803 321.0 0.117 63.31 96.20 14.89 3.119 5.352 236.3
17.0 1.921 343.0 0.109 66.50 101.5 15.22 3.120 5.334 243.8
18.0 2.039 365.0 0.103 69.69 106.9 15.52 3.120 5.318 251.0
19.0 2.156 387.0 0. 0972 72.87 112.2 15.81 3.120 5.305 258.0
20.0 2.27 2 408.0 0.0921 76. 04 117.5 16.08 3. 120 5.294 264.8
21.0 2.389 429.0 0.0875 79.21 122.8 16.34 3.121 5.284 271.4
22.0 2.505 451.0 0.0833 82. 37 128.1 16.56 3.121 5.276 277.8
23.0 2.621 472.0 0.0796 85.53 133.3 16.82 3.121 5.269 284.1

24.0 2.736 493.0 0.0762 88.68 138.6 17.04 3.121 5.263 290.2
25.0 2.852 514.0 0.0730 91.83 143.8 17.26 3.121 5.257 296.2
26.0 2.96 7 535.0 0.C701 94.98 149.1 17.46 3.121 5.252 302.1
28. 3.198 577.0 0.0650 101.3 159.6 17.85 3.120 5.244 313.5
30.0 3.1.28 619.0 0.0606 107.6 17 0.1 18.21 3.120 5.237 324.4
32.0 3.65 8 661.0 0. 0567 113.6 180.5 18.55 3.120 5.231 335.0
31.. 3.887 702.0 0.0533 120.1 191.0 16.87 3.120 5.227 345.3
36.0 it. 117 744.0 0.0503 126.4 201.5 19.17 3.120 5.223 355.2
38.0 it. 3*6 785.0 0.0476 132.6 211.9 19.45 3.120 5.220 364.9
1.0.0 lt.57 5 827.0 0. 0452 138.9 222.3 19.72 3.119 5.217 374.3

1.5.0 5.11.7 930.0 0. 0401 154.5 248.4 20.33 3.119 5.212 396.8
50.0 5.718 1030.0 0.0361 170.2 274.5 20.88 3.119 5.208 418.1
55.0 6.289 1140.0 0.0328 185.8 300.5 21.38 3.118 5.205 438.4
60.0 6.859 1240.0 0.0301 201.4 326.5 21.83 3.118 5.203 457.7
65.0 7.1.30 1340.0 0.0277 217. 352.5 22.24 3.118 5.201 476.3
70.0 8.000 1440.0 0.0257 232.6 378.5 22.63 3.118 5.200 494.1
75.0 8.570 1550.0 0.0240 248.2 404.5 22.99 3.118 5.199 511.3
80.0 9.11.0 1650.0 0.0225 263.8 430.5 23.32 3.118 5.198 528.0
90.0 10.28 1860.0 0.0200 295.0 482.5 23.94 3.117 5.197 559.8
100.0 11. 4Z 206C.0 0. 0180 326.2 534.4 24.46 3.117 5.196 589.9

125.0 14.27 2570.0 0.0144 404.1 664.3 25.64 3.117 5.195 659.2
150.0 17.11 3090.0 0. 0120 482. 794.2 26.59 3.117 5.194 721.9
175.0 19.96 3600.0 0.0103 560. 924.0 27.39 3.117 5.194 779.5
200.0 22.81 4110.0 0.00900 637.9 1054.0 28.08 3.116 5. 194 833.1
225.0 25.66 462 0.0 0.00800 715.8 1184.0 26.70 3.116 5.193 883.5
250.0 28.50 5140.0 0.00720 793.7 1314.0 29.24 3.116 5.193 931.2
275.0 31.35 5650.0 0. 00654 871.6 1443.0 29.74 3.116 5.193 976.5
300.0 34.20 6160.0 0.00600 949.5 1573.0 30.19 3.116 5.193 1020.0
350.0 39.89 7190.0 0.00514 1105. 1833.0 30.99 3.116 5.193 1101.0
1.00.0 45.59 8210.0 0.00450 1261. 2092.0 31.68 3.116 5.193 1177.0

"•5 0.0 51.28 9240.0 0.00400 1417.0 2352.0 32.30 3.116 5.193 1249.0
500.0 56.97 10300.0 0. 00360 1573.0 2612.0 32.84 3.116 5.193 1316.0
600.0 68.36 1230C.0 0. 0030C 1884. 3131.0 33.79 3.116 5.193 1442.0
700.0 79.75 14400.0 0.00257 2196. 3650.0 34.59 3.116 5.193 1557.0
800.0 91.14 16400.0 0.00225 2507.0 4170.0 35.28 3.116 5. 193 1664.0
900.0 102.5 18500.0 0.00200 2819.

C

4689.0 35.89 3.116 5.193 1765.0
1000.0 113.9 2050C.0 0.00180 3131.0 5208.0 36.44 3.116 5.193 1661.3
1100.0 125.3 2 2600.0 0.00164 3442. 5728.0 36.94 3.116 5.193 1952.0
1200.0 136.7 24600.0 0.00150 3754. 6247.0 37.39 3.116 5.193 2038.0
1300.0 148.1 26700.0 0.00138 4065.0 6766.0 37.80 3.116 5.193 2122.0

li.DO.0 159.5 28700.0 0.00129 4377.0 7285.0 38.19 3.116 5.193 2202.0
1500.0 170.9 30800.0 0.00120 4689.0 7805.0 38.55 3.116 5.193 2279.0

THO-PHASE eOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



1.8 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OP HELIUM

ERATURE OE1SITY VIOH/OV)
P

V<0P/DU>

EG.K G/CC
"X 10

J/G ATH-CC/J

2.161 14.96
2.5 14.65 56.3 9.64
3.0 14.53 42.1 12.6
3.5 14.06 35.8 13.3
4.0 13.38 30.3 13.2
4.5 12.32 24.5 12.2
4.911 10.56 17.1 10.2
4.911 3.474 13.7 6.98
5.0 3.083 15.0 6.99
5.1 2.816 16.2 7.00

5.2 2.624 17.2 7.30
5.3 2.473 16.2 7.01
5.4 2.348 19.1 7.01
5.5 2.242 19.9 7.01
5.6 2.150 20.7 7.02
5.7 2.069 21.5 7.02
5.6 1.996 22.3 7.01
5.9 1.930 23.0 7.01
6.0 1.870 23.7 7.01
6.5 1.631 27.2 6.99

7.0
7.5
8.0
8.5
9.0
9.5

16.0
17.0

21.0
22.0

34.0
36.0
38.0

65.0
70.0
75.0
SO.O
90.0
100.0

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
400.0

450.0
500.0
600.0
700.0
800.0
90 0.0
1000.0
1100.0
1200.0
1300.0

1.323
1.214
1.125
1.049
0.9830
0.9258
0.8308
0.7544
0.6914

54.2
59.8
65.3

6386 70 g

5935 76 3

5545 81 7

5205 87 2

4905 92 5
4539 97 9

a 4401 103
4187 109

O 3992 114
3816 119

3654 125 D

a 3506 130
3370 135
3127 146

a 2917 156
2734 167 a

2572 177
2429 188
2301 198

11 2186 209

1943 235
1749 261

c 1590 287
1458 313
1346 339

a 1250 365
1167 391
1094 417
09728 469
08757 521

07009 651
05843 780
05009 910

a 04384 1040
03898 1170 D

.03508 1300
03190 1430
.02924 1560
j2507 1820
.02194 2080

.01950 2340

.01755 2600
o .01463 3120
.01254 3640
.010 97 4160
.009753 4680

a .008778 5190
.007981 5710 .0

.007316 6230

.005753 6750

.006271 7Z70

.005853 7790 .0

6.65
6.65

-V(OP/OV>T (OV/OTl/V

li.0340
0.0 54 5

0.0803
0.123

THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MH/CM-K G/CM-S SO-CH/S
»• X 1000000

0.224
0.823

0.641
0.550

.372

.347

.326

.207

.181

.162

.146

.134

.124

.116

.102

.0916

../832

.C423

.0405

.0389

.0360

.0335

.0314

.0295

.0278

Co 18 2

0.016 6

0.0154
0.014 3

0.0133
0.0125
.0111

0.0 10

0.00798
0.00665
0.00571
0.00499
0.00444
0.00400
0.0G3o3
0.00333
0.00285
0.00250

0.00222
0.00200
0.00167
0.00143
0.00125
0.00111
0.00100

. 9 u9
0.000833
C.U00769

0.170
0.185
0.195
0.202
0.203
0.211
0.167
0.144
0.136

0.133
0.131
0.130
0.130
0.130
0.131
0.131
0.132
0.133
0.138

0.144
0.150
0.156
0.161
0.167
0.173
3.176
0.189
0.199
0.209

0.218
0.228
0.236
0.245
0.253
3.262
3.270
3.278
0.285
0.293

: . 3 . o

0.308
0.315
0.329
3.343
0.3 57

3.370
3.383
3 .396
3.408

0.439

1 .16
1.28
1.37

lll.u
125.0
139.0
151.0
164. u

17 6.3
188.0
199.,.
222.0

. O 57 7

0. 003554
3.000483
0.000406
0.000299
0.000141
0.000197
0.000294
0.000381

0.000459
0.000531
0.000599
0.000665
0.000728
0.000791
0.0C0652
0.000913
0.000973
0.00127

0.30156
O.OOlBt
0.00216
0.00247
0.30278
3.0031,,
0.00343
0.00411

0.00633
0.0C713
0.C0797
0.00883
0.00972
0.0106
0.0116
0.0125
0.0135
0.0146

0.0156

0.0792
0.0895
o.luO
0.112
0.136
3.162

DIELECTRIC
CONSTANT

5592
.05468
.05287
5027

.04626

.03955

.31291

.:n-5

.01046

.03974
03918

.00872
0832
0798

.0-76 8

3741
.00716
.33694
.03605

.33540

.00490

.03450

.00417

.00389

.03364

.00343

.03308

.03280
j256

.00237
0220

.03205

.0319 3

.03182

.00172

.30163

.00155

.00148

.00141

j135
.03130
1.J125

0.116
.00103
.03101
.03095

.30059

.00054

.03050

.03032

.00026
0022

,30ul9
30016
3j014
.33013
C3012
3 ;-l 1

33309
03308

j3037
. . . : o 6
. :-005
3J3CS

PRANOTL
NUMBER

0.480
0.5C1
0.562
0.652
0.862
1.63
2.38
1.77

1.05
1.01
0.983
0.958
0.936
0.863

0.817

0.769
0.755
0.745
0.737
0.731
0.7 23
0.718
0.715

0.713
0.711
0.710
0.710
0.7C9
0.709
0.7C9
0.710
0.710
0.710

0.710
0.710
0.710
0.711
0.711
0.711
0.711
0.711
0.711
C.710

0.7C9
0.708
0.706
0.705
0.703
0.701
0.699
0.697

0.673
0.670
0.663
0.667
0.666
0.666
0.667
0.669
0.663
0.668

0.666
0.667
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

TWO-PHASE BOUNOASY
NUHBERS IN HIS COLUMN HAVE SEEN MULTIPLIED BY THE INDICATED FACTO*



THERMODYNAMIC PROPERTIES OF HELIUM
2.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K ** X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

* 2.159 0.06657
2.5 0.06714 530.0 2.62 3.608 5.169 1.912 1.821 1.968 240.8
3.Q 0.06859 451.0 3.49 4.796 6.186 2.286 1.895 2.282 234.5
3.5 0.07 84 355.0 3.91 6.009 7.444 2.675 2.081 2.846 221.9
4.0 0.07431 254.0 4. 01 7.538 9.044 3.103 2.243 3.663 204.8
4.5 0.08026 147.0 3.75 9.587 11.21 3.612 2.441 5.258 178.9
5.0 0.09689 29.4 2.85 13.20 15.16 4.436 2.783 15.93 130.6

* 5.0".7 0.1019 16.3 2.65 13.93 16. 00 4.602 2.854 25.69 122.0
* 5.0"t7 0.2360 7.01 1.02 21.91 26.70 6.720 3.382 45.38 97.65

5.1 0.2663 14.1 0.892 22.96 28.36 7.048 3.356 24.07 101.1

5.2 0. 3025 23.3 0.775 24.13 3 0.26 7.417 3.317 15.76 105.9
5.3 0.3300 30.5 0.704 24.98 31.67 7.685 3.286 12.78 109.7
5.4 0.3535 36.

a

0.652 25.69 32.86 7.908 3.261 11.17 113.0
5.5 0.3746 42.4 0.611 26.33 33.92 8.103 3.240 10.14 115.9
5.6 0.3941 47.6 0.578 26.91 34.89 8.279 3.222 9.412 118.6
5.7 0.4125 52.4 0.550 27.45 35.81 8.440 3.207 8.873 121.2
5.8 0.4239 56.9 0.525 27.96 36.67 8.591 3.194 8.454 123.5
5.9 0.4466 61.2 0.503 28.45 37.50 8.732 3.183 8.118 125.8
6.0 0.4627 65.4 0.484 28.92 38.30 8.866 3.173 7.843 127.9
6.5 0.5372 84.0 0.412 31.09 41.98 9.456 3.140 6.974 137.5

7.0 0.6054 100.0 0.362 33.07 45.34 9.95 3.123 6.515 145.7
7.5 0.6698 116.0 0.325 34.95 48.52 10.39 3.115 6.232 153.1
8.0 0.7318 130.0 0.296 36.75 51.59 10.79 3.111 6.042 159.9
8.5 0.7921 144.0 0.273 38.52 54.57 11.15 3.109 5.905 166.2
9.0 0.8511 157.0 0.253 40.25 57.50 11.49 3.109 5.804 172.2
9.5 0.9090 170.0 0.236 41.96 60.38 11.80 3.109 5.725 177.8

10.0 0.9662 182.0 0.222 43.64 63.22 12.09 3.110 5.662 183.2
11.0 1.078 206.0 0.198 46.96 68.82 12.62 3.112 5.573 193.4
12.0 1.183 230.0 0.179 50.25 74.34 13.10 3.114 5.510 203.0
13.0 1.298 253.0 0.164 53.50 79.81 13.54 3.116 5.463 212.0

14.0 1.407 276.0 0.151 56.74 85.24 13.94 3.117 5.426 220.5
15.0 1.514 298.0 0.140 59.96 90.65 14.32 3.118 5.396 228.7
16.0 1.621 321.0 0.130 63.17 96.03 14.66 3.119 5.371 236.5
17.0 1.728 343.0 0.122 66.38 101.4 14.99 3.120 5.350 244.0
18.0 1.834 364.0 0.115 69.57 106.7 15.29 3.120 5.332 251.2
19.0 1.939 386.0 0.108 72.76 112.1 15.58 3.121 5.318 258.2
20.0 2.044 408.0 0.103 75.93 117.4 15.86 3.121 5.305 265.0
21.0 2.149 429.0 0. 0974 79.11 122.7 16.11 3.121 5.295 271.6
22.0 2.254 451.0 0.C928 82.27 128.0 16.36 3.121 5.285 278.1
23.0 2.359 472.0 0.0886 85.44 133.2 16.59 3.121 5.277 284.3

24.0 2.463 493.0 0. 0848 88.60 138.5 16.82 3.121 5.270 290.5
25.0 2.567 514.0 0.0813 91.75 143.8 17.03 3.121 5.264 296.5
26.0 2.671 536.0 0.0780 94.90 149.0 17.24 3.121 5.259 302.3
28.0 2.87 9 578.0 0.0723 101.2 159.5 17.63 3.121 5.249 313.7
30.0 3.086 620.0 0. 0674 107.5 170.0 17.99 3.121 5.242 324.7
32.0 3.293 661.0 0.0631 113.8 180.5 18.33 3.121 5.236 335.3
34.0 3.500 703.0 0.0593 120.1 191.0 18.65 3.120 5.231 345.5
36.0 3.707 745.0 0.0559 126.3 201.4 18.95 3.120 5.226 355.5
38.0 3.913 786.0 0. 0530 132.6 211.9 19.23 3.120 5.223 365.1
40.0 4.119 828.0 0.0503 138.9 222.3 19.50 3.120 5.220 374.5

45.0 4.634 931.0 0.0446 154.5 248.4 20.11 3.119 5.214 397.1
50.0 5.148 1330.0 0. 0401 170. 1 274.5 20.66 3.119 5.209 418.4
55.0 5.66 2 114C.0 0.0365 185.8 300.5 21.16 3.119 5.206 438.6
60.0 6.176 1240.0 0.0334 201.4 326.5 21.61 3.118 5.204 457.9
65.0 6.69 1340.0 0.03C8 217.0 352.5 22.03 3.118 5.202 476.5
70.0 7.203 1450.0 0.0286 232.6 37 8.6 22.41 3.118 5.201 494.3
75.0 7.716 1550.0 0. 0267 248.2 404.6 22.77 3.118 5.200 511.5
80.0 8.229 1650.0 0. 0250 263. 6 430.5 23.11 3.118 5.199 528.2
90.0 9.255 1860.0 0.0222 295.0 482.5 23.72 3.117 5.197 560.0

100.0 10.28 2060.0 0. 0200 326.2 534.5 24.26 3.117 5.196 590.1

125.0 12.84 2570.0 0.0160 404. 1 664.4 25.42 3.117 5.195 659.4
150.0 15.41 3090.0 0.0133 482.0 794.2 26.37 3.117 5.194 722.0
175.0 17.97 3600.0 0. 0114 560. 924.1 27.17 3.117 5.194 779.6
200.0 20.53 4110.0 0. 01C0 637.9 1054.0 27.87 3.117 5.194 833.2
225.0 23.09 4620.0 0.00889 715.8 1184.0 28.48 3.116 5.193 883.6
250.0 25.66 5140.0 0.00800 793.7 1314.0 29.02 3.116 5.193 931.3
27 5.0 28.22 5650.0 0.00727 871.6 1443.0 29.52 3.116 5.193 976.6
300.0 30.78 6160.0 0. 00667 949.5 1573.

D

29.97 3.116 5.193 1020.0
350.0 35.91 7190.0 0.00571 1105.0 1833.0 30.77 3.116 5.193 1102.0
400.0 41.03 8210.0 0. 00500 1261.0 2093.0 31.47 3.116 5.193 1177.0

45 0.0 46.15 9240.0 0. 00444 1417.0 2352.0 32.08 3.116 5.193 1249.0
50C.0 51.28 10300.0 0.00400 1573.0 2612.0 32.62 3.116 5.193 1316.0
60D.0 61.53 1230C.0 0.00333 1884.0 3131.0 33.57 3.116 5.193 1442.0
700.0 71.73 144OC.0 0.00286 2196.0 3650.0 34.37 3.116 5.193 1557.0
800.0 82.03 16400.0 0.0C250 2507. 4170.0 35.0 6 3.116 5.193 1665.0
900.0 92.28 18500.0 0.00222 2819. 4689.0 35.68 3.116 5.193 1765.0

1000.0 102.5 20500.0 0.00200 3131. 5208.0 36.22 3.116 5.193 1861.0
1100.0 112.8 2 2600.0 0.00182 3442. 5728.0 36.72 3.116 5.193 1952.0
1200.0 123.0 24600.0 0. 00167 3754. 6247.0 37.17 3.116 5.153 2038.0
1300.0 133.3 26700.0 0. 00154 4065. 6766.0 37.59 3.116 5.193 2122.0

1400.0 143.5 28700.0 0.00143 4377. 7286.0 37.97 3.116 5.193 2202.0
1500.0 153.8 30800.0 0.00133 4689.0 7805.0 38.33 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



2.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUH

TEMPERATURE OESSITY

DEG.K G/CC

15.02
11.. 89
11..53

V(OP/OUI

ATM-CC/J

5.0
5.01.7
5.01.7

5.1

5.2

5.6
5.7
5.

a

10.32
9.811.
1..236

3.305
3.031
2.829
2.670
2.537
2.1.25

2.326
2.239
2.151
1.851

16.8
17.8

7.1C
7.08

8.0 1.366 36.2 6.97
8.5 1.252 39.3 6.91.

9.0 1.175 1.2.3 6.92
9.5 1.100 1.5.2 6.90

10.0 1.035 1.8.1 6.89
11.0 0.9273 53.9 6.86
12.0 0.81.11 59.5 6.83
13.0 O.7703 65.1 6.81

ll>. 0.7109 70.5 6.80
15.0 0.660.. 76.1 6.78
16.0 0.6168 SI.

6

6.76
17.0 0.5788 87.0 6.75
18.0 0.545". 92. 1. 6.71.

19.0 0.5157 97.8 6.73
20.0 0.1.891 103.0 6.72
21.0 0.1.652 109.0 6.71
22.0 0.1.1.36 114.0 6.70
23.0 0.1.21.0 119.0 6.70

2"t.O 0.1.360 125.0 6.69
25.0 0.3895 130.0 6.68
26.0 0.371.1. 135.0 6.68
28.0 0.31.73 11.6.0 6.67
30.0 0.321.0 156.0 6.66
32.0 0.3136 167.0 6.66
3».0 0.2857 177. D 6.65
36.0 0.2698 188.0 6.65
38.0 0.2556 198.0 6.61.
•0.0 0.21.28 209.0 6.61.

1.5.0 0.2158 235.0 6.63
50.0 0.191.2 261.0 6.62
55.0 0.1766 287.0 6.62
60.0 0.1519 313.0 6.61
65.0 0. 1495 339.0 6.61
70.0 0.1388 365.0 6.61
75.0 0.1296 391.0 6.61
80.0 0.1215 1.17.0 6.60
90.0 0.1081 1.69.0 6.60

100.0 0.09727 521.0 6.60

125.0 0.07786 651.0 6.59
15O.0 0.061.91 781.0 6.59
175.0 0.05565 911.0 6.59
200.0 0.01.871 1040.0 6.59
225.0 0.01.330 1170.0 6.59
250.0 0.03898 1300.0 6.59
275.0 0.0351.1. 11.30.0 6.58
300.0 0.0321,9 1560.

D

6.58
35 0.0 0.02785 1820.0 6.58
-J 0.0 0.021.37 2080. 6.58

1.50.0 0.02167 231.0.0 6.58
500.0 0.01950 2600. 6.56
600.0 0.01625 3120.0 6.58
700.0 0.01393 3640.0 6.58
800.0 0.01219 1.160.0 6.58
900.0 0.01081. 4680.0 6.58
1000.0 0.009751. 5190.0 6.58
1100.0 0.008867 5710.0 6.58
1200.0 0.008128 6230.0 6.58
1300.0 0.007503 6750.0 6.58

11.0 0.0 0.036967 7270.0 6.58
1500.0 0.006503 7790.0 6.58

-VCOP/OVI (0V70T)/V

0.0 33 2

0.0531
0.0 77 9

1 .60
0.297
0.528

.770
0.925
1.01.

1.13
1 .21
1.27
1 .32
1.37
1 .1.1

2.01
2.01

0.205
0.939
1.65

.397

.367

0.218
0.188
0.167
0.150
0.137
C.127
0.118
0.103

0.0768
0.0 70 9

0.0658
0.0 615
0.0577
0.051.1.

. 51

K

0.01.8 8

0.01.61.

. 1.1.

3

. 1.2 3

O.Ci.0 6

I,. 38 9
0.0360
0.0336
0.0 31*

. 29 5

0.0 27 8

0.0261.
0.0 25

0.0222
0.0200

. 18 1

0.0166
0.015 3

1.014 2

0.013 3

0.012 5

0.0111
0.0100

0.00798
0.00665
0.00570
0.001.99
0.001.1.1.

0.00399
0.00363
0.00333
0.00285
0.00250

0.00222
0.00200
0.00167
0.0011.3
0.00125
C. 00111
0.00100
0.000909
0.000833
0.000769

THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MW/CM-K G/CM-S SQ-CH/S
•• X 100COC3

.196
0.201.

0.205

.229

.172

.11.2

.138

.136

.135

.135

.135

0.151
0.157
0.163
3.168
0.171.

0.179
0.190
0.200
0.210

0.219
0.228
0.2 37
3.21.6
3.251.

0.262
0.270
0.278
0.2 86
0.293

0.301
0.3G8
0.315

.357

.370

.383

.396

.527

.555

.582

.609

.6 35

.687

.7 37

17.5
17.1

16.8
16.8
16.8
16.8
16.9
17.0

111.0
125.0
139.0
151.0
161..

199.0
222.0
21.3.0

261..

281..

322.0
359.0
391..

1.2 8.0
1.62.0

000582 1 05607
c 000558 1 051.86

0001.88 1 05310
0001.13 1 05358
000313 1 01.678

000130 1 03866
0000928 1 03671.

000119 1 01576
000190 1 01396

003286 1 01228
003366 1 01126
0001.37 1 01051
000501. 1 0)991
000567 1 0391.2

O0U62S 1 00900
000688 1 00863
01,371.6 1 00831
000803 1 03802
0G1L8 1 03691

00135 1 00613
00163 1 00551.

00190 1 C0507
00218 1 001.68
0021.7 1 031.36

00276 1 031.08
00306 1 03381.
00367 1 0031.1.

001.31 1 30312
001.98 1 00285

00568 1 00263
06 41 1 0021.5

00716 1 03228
00791. 1 30211.
00871. 1 33202
00957 1 00191
0101. 1 00181
0113 1 00172
0122 1 03161.

0131 1 00157

OHl 1 03150
0150 1 0011.1.

0160 1 00139
0181 1 0G129

a 0202 1 00120
0225 1 03112
021.8 1 03106
0272 1 03100
0297 1 80095
32 3 1 03090

391 1 03080
01.61. 1 00072
05*2 1 00065
0625 1 00060
0713 1 03055
0806 1 00051
0903 1 0301.8

101 1 0001.5

122 1 0301.0
11.6 1 00036

212 1 30029
288 1 00021.
373 1 00021
1.67 1 03018
568 1 00016
678 1 00011.
791. 1 03313
917 1 00012

1 19 1 03010
1 1.9 1 00009

1 82 1 00008
2 18 1 0u007
2 97 1 00006
3 86 1 03005
It 85 1 33005
5 93 1 00001.

7 10 1 03001.

8 36 1 03003
9 70 1 00003
1 1 1 00303

2 6 1 00003
2 1 00002

.502

.561

.6k5

.829

0.900

0.81.1.

0.809
0.7 85
0.768
0.756
0.71.6

0.739
0.729
0.723
0.719

0.716
0.711.
0.713
0.712
0.711
0.711
0.711
0.711
0.711
0.711

0.711
0.711
0.711
0.711
0.711
0.712
0.711
0.711
0.711
0.711

0.709
0.708
0.706
0.705
0.703
0.701
0.699
0.697
0.69".

0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



2.1 ATMOSPHERE ISOBAR
THERMOOTNAMIC PROPERTIES OF HELIUM li

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

DEC K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.158 0.0661(9
2.5 0.06705 535.0 2.62 3.802 5.229 1.908 1.816 1.961 241.9
3.0 0.06849 456.0 3.49 4.784 6.242 2.281 1.894 2.275 235.7
3.5 0.07070 361.0 3.92 5.990 7.494 2.669 2.080 2.833 223.2
4.0 0.07410 26 0.0 4.03 7.506 9.083 3.094 2.240 3.633 206.5
<>.5 0.07985 153.0 3.79 9.525 11.22 3.596 2.436 5.151 181.3
5.0 0.09469 38.9 2.96 12.92 14.94 4.371 2.756 12.99 136.2
5.1 0.1062 10.4 2.51 14.55 16.81 4.746 2.915 38.19 117.4

• 5.112 0.1074 9.22 2.47 14.73 17.02 4.781 2.930 42.46 116.4
5.112 0.2D53 3.86 1.16 21.16 25.59 6.458 3.366 82.18 97.65

5.2 0.2617 15.8 0.908 23.17 28.74 7.070 3.337 22.20 103.1
5.3 0.2945 24.4 0.797 24.29 30.56 7.416 3.303 15.43 107.5
5.1. 0.32 2 31.5 0.727 25.13 3 1 . 95 7.676 3.275 12.69 111.1
5.5 0.3425 37.6 0.674 25.85 33.13 7.894 3.252 11.16 114.3
5.6 0.3626 43.2 0.633 26.48 34.20 8.086 3.233 10.15 117.2
5.7 0.3812 48.3 0.599 27. 06 35.17 8.259 3.216 9.445 119.9
5.

a

0.3987 53.1 0.570 27.61 36.09 8.418 3.202 8.912 122.4
5.9 0.4154 57.7 0.545 28. 12 36.96 8.567 3.189 8.495 124.7
6.0 0.4314 62.0 0.522 28.61 37.79 8.707 3.179 8.160 127.0
6.5 0.5044 81.3 0.440 30.85 41.58 9.314 3.143 7.140 136.8

7.0 0.5706 98.2 0.386 32.87 45.01 9.823 3.125 6.620 145.2
7.5 0.6329 114.0 0.345 34.77 48.24 10.27 3.115 6.307 152.7
8.0 0.6926 128.0 0.314 36.60 51.34 10.67 3.111 6.098 159.6
8.5 0.7505 142.0 0.288 38.38 54.35 11.03 3.109 5.950 166.0
9.0 0.8071 155.0 0.267 40.12 57.29 11.37 3.109 5.840 172.0
9.5 0.86 26 168.0 0.249 41. 84 60.19 11.66 3.109 5.755 177.7

10.0 0.9174 181.0 0.234 43.53 63.05 11.96 3.110 5.688 163.1
11.0 1.025 205.0 0.209 46.86 68.67 12.51 3.112 5.594 193.4
12.0 1.130 229.0 0.189 50.15 74.21 12.99 3.114 5.527 202.9
13.0 1.235 252.0 0.172 53.42 79.69 13.43 3.116 5.477 212.0

1<|.0 1.338 275.0 0.159 56.66 85.14 13.84 3.117 5.438 220.5
15.0 1.441 298.0 0.147 59.89 90.55 14.21 3.119 5.407 228.7
16.0 1.543 320.0 0.137 63.11 95.94 14.56 3.120 5.380 236.5
17.0 1.645 342.0 0.128 66.31 101.3 14.88 3.120 5.358 244.0
18.0 1.745 364.0 0.121 69.51 106.7 15.19 3.121 5.339 251.3
19.0 1.346 386.0 0.114 72.70 112.0 15.48 3.121 5.324 258.3
20.0 1.947 408.0 0.108 75-88 117.3 15.75 3.121 5.311 265.1
21.0 2.047 429.0 0.102 79.06 122.6 16.01 3.121 5.300 271.7
22.0 2.147 451.0 0.0975 82.23 127.9 16.26 3.121 5.290 278.2
23.0 2.246 472.0 0.0931 85.39 133.2 16.49 3.121 5.282 284.5

24.0 2.34 6 493.0 0.0891 88.55 138.5 16.72 3.121 5.274 290.6
25.0 2.445 514.0 0.0854 91.71 143.7 16.93 3.121 5.268 296.6
26.0 2.544 536.0 0.0820 94.67 149.0 17.14 3.121 5.262 302.5
28.0 2.742 578.0 0.0760 101.2 159.5 17.53 3.121 5.252 313.8
30.0 2.940 620.0 0.0708 107.5 170.0 17.89 3.121 5.244 324.6
32.0 3.137 662.0 0.0663 113.7 180.5 18.23 3.121 5.238 335.4
3k. 3.334 703.0 0.0623 120. 191.0 18.54 3.121 5.232 345.7
36.0 3.531 745.0 0.0588 126. 3 201.4 18.84 3.120 5.228 355.6
38.0 3.727 787.0 0.0556 132.6 211.9 19.13 3.120 5.224 365.3
1.0.0 3.924 828.0 0.0528 138.8 222.3 19.39 3.120 5.221 374.7

45.0 4.414 932.0 0.0469 154.5 24 8.4 20.01 3.120 5.215 397.2
50.0 4.904 1030.0 0.0421 170.1 274.5 20.56 3.119 5.210 418.5
55.0 5.394 1140.0 0.0383 185.7 300.5 21.05 3.119 5.207 438.7
60.0 5.883 1240.0 0.0351 201.4 326.5 21.51 3.119 5.205 458.1
65.0 6.372 1340.0 0.0324 217.0 352.6 21.92 3.118 5.203 476.6
70.0 6.861 1450.0 0. 0300 232.6 378.6 22.31 3.118 5.201 494.4
75.0 7.350 1550.0 0.0280 248.2 404.6 22.67 3.118 5.200 511.6
80.0 7.838 1650.0 0.0263 263.8 430.6 23.00 3.116 5.199 528.3
90.0 8.815 1860.0 0.0233 295.0 482.6 23.62 3.118 5.198 560.1

100.0 9.792 2060.0 0.0210 326.2 534.5 24.16 3.117 5.197 590.2

125.0 12.23 258 0.0 0.0168 404.1 664.4 25.32 3.117 5.195 659.4
150.0 14.67 3090.0 0.0140 482.0 794.3 26.27 3.117 5.194 722.1
175.0 17.11 3600.0 0.0120 560.0 924.1 27.07 3.117 5.194 779.7
200.0 19.56 4110.0 0.0105 637.9 1054.0 27.76 3.117 5.194 833.3
225.0 22.00 463 0.0 0.00933 715.8 1184.0 28.38 3.116 5.193 663.7
250.0 24.44 5140.0 0.00840 793.7 1314.0 28.92 3.116 5.193 931.3
275.0 26.88 5650.0 0.00764 871.6 1443.0 29.42 3.116 5.193 976.7
300.0 29.32 6160.0 0.00700 949.5 1573.0 29.87 3.116 5.193 1020.0
35 0.0 34.20 7190.0 0.00600 1105. 1833.0 30.67 3.116 5.193 1102.0
1.00.0 39.08 8210.0 0.00525 1261.0 2093.0 31.36 3.116 5.193 1177.0

".5 0.0 43.96 9240.0 0. 00467 1417.0 2352.0 31.98 3.116 5.193 1249.0
500.0 48.84 10300.0 0.00420 1573.0 2612.0 32.52 3.116 5.193 1316.0
600.0 58.60 12300.0 0.00350 1884.0 3131.0 33.47 3.116 5.193 1442.0
700.0 68.36 14400.0 0.00300 2196.0 3650.0 34.27 3.116 5.193 1557.0
800.0 78.12 16400.0 0.00262 2507.0 4170.0 34.96 3.116 5.193 1665.0
900.0 87.88 18500.0 0.00233 2819.0 4689.0 35.57 3.116 5.193 1765.0
1000.0 97.65 20500.0 0.00210 3131.0 5208.0 36.12 3.116 5.193 1861.0
1100.0 107.4 22600.0 0.00191 3442.0 5728.0 36.62 3.116 5.193 1952.0
120 0.0 117.2 24600.0 0.00175 3754.0 6247.0 37.07 3.116 5.193 2038.0
1300.0 126.9 26700.0 0.00162 4065.0 6766.0 37.48 3.116 5.193 2122.0

1400.0 136.7 28700.0 0.00150 4377.0 7286.0 37.87 3.116 5.193 2202.0
1500.0 146.5 30800.0 0.00140 4689.0 7605.0 38.23 3.116 5.193 2279.0

• THO-PHASE BOUNDARY
•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



2.1 ATMOSPHERE ISOBAR
TMERHOPMYSICAL PROPERTIES OF HELIUM (,

EMPERATURE OENSITY V10H/OV)
P

V40P/DU) -V<DP/OV> (OV/OT) /V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
p CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

OEG.K G/CC
•• X 100

J/G ATH-CC/J ATM 1/OEG.K HH/CH-K G/CM-S
X 1000000

SQ-CM/S

z.isa 15.04
2.5 14.91 59. 8 9.66 79.7 0.0328 0.171 41.8 0.000564 1. 05615 0.480
3.0 14.60 43.4 12.6 66.6 0.0525 0.186 41.0 0.000559 1.05495 0.502
3.5 14.14 36.9 13.3 51.1 0.0767 0.196 38.9 0.000490 1.05320 0.560
4.0 13.50 31.6 13.3 35.0 0.115 0.204 36.1 0.000417 1.05072 0.641
4.5 12.52 26.1 12.4 19.2 0.197 0.206 32.7 0.000320 1.04702 0.815
5.0 10.56 18.0 10.2 4.10 0.721 0.210 27.5 0.000153 1.03956 1.70
5.1 9.414 14.9 9.13 0.977 2.56 0.263 25.2 0.0000730 1.03522 3.66
5.112 9.313 14.8 9.06 0.859 2.88 0.273 25.0 0.0000689 1.03484 3.89
5.112 4.801 13.1 7.19 0.185 6.28 0.330 18.3 0.0000837 1.01787 4.56

5.2 3.822 14.7 7.12 0.603 1.51 0.169 17.4 0.000199 1.01421 2.29
5.3 3.396 16.0 7.11 0.829 0.962 0.151 17.2 0.000288 1.01262 1.76
5.1. 3.12 3 17.2 7.10 0.982 0.740 0.144 17.1 0.000363 1.01160 1.51
5.5 2.923 18.2 7.10 1.10 0.614 0.140 17.1 0.000431 1.01084 1.36
5.6 2.758 19. 1 7.10 1.19 0.532 0.139 17.2 0.000495 1.01024 1.26
5.7 2.623 20.0 7.10 1.27 0.4 72 0.138 17.3 0.000556 1.00974 1.18
5.8 2.508 20.8 7.10 1.33 0.428 0.137 17.4 0.000615 1.00931 1.13
5.9 2.407 21.7 7.09 1.39 0.392 0.138 17.5 0.000672 1.00894 1.08
6.0 2.318 22.4 7.09 1.44 0.364 0.138 17.6 0.000729 1.00860 1.04
6.5 1.982 26.1 7.07 1.61 0.273 0.141 18.3 0.00100 1.O0735 0.921

7.0 1.752 29.6 7.04 1.72 0.224 0.146 19.0 0.00126 1.00650 0.858
7.5 1.580 32.8 7.01 1.80 0.192 0.152 19.7 0.00153 1.00586 0.619
8.0 1.444 36.0 6.99 1.85 0.170 0.158 20.5 0.00179 1.00535 0.793
8.5 1.33 2 39.0 6.96 1.89 0.152 0.163 21.3 0.00206 1.00494 0.775
9.0 1.239 42.1 6.94 1.93 0.139 0.169 22.0 0.00233 1.00459 0.761
9.5 1.159 45.0 6.92 1.95 0.128 0.174 22.7 0.00261 1.00430 0.751

10.0 1.090 48.0 6.90 1.97 0.119 0.180 23.5 0.00290 1.00404 0.743
11.0 0.9759 53.7 6.87 2.00 0.104 0.190 24.9 0.00349 1.00362 0.732
12.0 0.8847 59.4 6.65 2.03 0.0931 0.200 26.3 0.00410 1.00328 0.7 26
13.0 0.8099 65.0 6.83 2.04 0.0843 0.210 27.7 0.00474 1.00300 0.721

14.0 0.7472 70.5 6.81 2.06 0.0 771 0.220 29.0 0.00540 1.00277 0.718
15.0 0.6940 76.0 6.79 2.07 0.0711 0.229 30.3 0.00609 1.00257 0.716
16.0 0.6480 81.5 6.77 2.07 0.0660 0.237 31.5 0.00681 1.00240 0.714
17.0 0.6080 87.0 6.76 2.08 0.0616 0.246 32.8 0.00755 1.00225 0.713
18.0 0.5728 92.4 6.75 2.09 0.0578 0.254 34.0 0.00832 1.00212 0.712
19.0 0.5416 97.8 6.73 2.09 0.0544 0.263 35.1 0.00911 1.00201 0.712
20.0 0.5136 103.0 6.72 2.09 0.0515 0.271 36.3 0.00992 1-00190 0.712
21.0 0.4885 109.0 6.72 2.10 0.0 48 8 0.278 37.4 0.0108 1.00181 0.712
22.0 0.4658 114.0 6.71 2.10 0.0465 0.286 38.5 0.0116 1.00173 0.712
23.0 0.4451 119.0 6.70 2.10 0. 0443 0.294 39.6 0.0125 1.00165 0.712

24.0 0.4263 125.0 6.69 2.10 0.0424 0.301 40.6 0.0134 1.00158 0.712
25.0 0.40 9 130. 6.69 2.10 0.0406 0.309 41.7 0.0143 1.00151 0.712
26.0 0.3930 135.0 6.68 2.11 0.0389 0.316 42.7 0.0153 1.00146 0.712
26.0 0.3647 146.0 6.67 2.11 0.0361 0.330 44.7 0.0172 1.00135 0.712
30.0 0.3401 156. 6.67 2.11 0.0336 0.344 46.7 0.0193 1.00126 0.712
32.0 0.3188 167. 6.66 2.11 0.0314 0.357 46.5 0.0214 1.00118 0.712
34. 0.2999 177.0 6.65 2.11 0.0295 0.371 50.4 0.0236 1.00111 0.712
36.0 0.2832 188.0 6.65 2.11 0.0278 0.384 52.2 0.0259 1.00105 0.711
38.0 0.2683 198.0 6.64 2.11 0.0264 0.396 53.9 0.0283 1.00099 0.711
40.0 0.2548 2 09.0 6.64 2.11 0.0250 0.409 55.7 0.0307 1.00094 0.711

45.0 0.2265 235.0 6.63 2.11 0.0222 0.44O 59.8 0.0372 1.00084 0.710
50.0 0.2039 261. 6.63 2.11 0.0200 0.470 63.8 0.0442 1.00075 0.708
55.0 0.1854 287.0 6.62 2.11 0.0181 0.499 67.7 0.0517 1.00069 0.706
60.0 0.17 313.0 6.62 2.11 0.0166 0.527 71.4 0.0596 1.0OO63 0.705
65.0 0.1569 339.0 6.61 2.11 0.0153 0.555 75.0 0.0660 1.00058 0.703
70.0 0.1457 365.0 6.61 2.11 0.0142 0.582 78.4 0.0768 1.00054 0.701
75.0 0.1361 391.0 6.61 2.11 0.0133 0.609 81.9 0.0861 1.00050 0.699
80.0 0.1276 417.0 6.61 2.11 0.0125 0.635 85.2 0.0958 1.00047 0.697
90.0 0.1134 469.0 6.60 2.11 0.0111 0.687 91.7 0.116 1.00042 0.694
100.0 0.1021 521.0 6.60 2.11 0.0100 0.737 97.9 0.139 1.00038 0.691

125.0 0.08174 651.0 6.59 2.11 0.00796 0.857 111.0 0.202 1.00030 0.673
150.0 0.06815 781. 6.59 2.10 0.00665 0.970 125.0 0.274 1.00025 0.670
175.0 0.05843 911.0 6.59 2.10 0.00570 1.08 139.0 0.355 1.00022 0.668
200.0 0. 05114 1040.0 6.59 2.10 0.00499 1.18 152.0 0.444 1.00019 0.667
225.0 0.04546 1170.0 6.59 2.10 0.00444 1.28 164.0 0.541 1.00017 0.666
25 0.0 0.04092 13 0. 6.59 2.10 0.00399 1.37 176.0 0.646 1.00015 0.666
275.0 0.03721 1430. 6.59 2.10 0.00363 1.46 188.0 0.757 1.00014 0.667
30C.O 0.03411 1560.0 6.58 2.10 0.00333 1.55 199.0 0.874 1.00013 0.669
35C.0 0.02924 1820.0 6.58 2.10 0.00285 1.72 222.0 1.13 1.00011 0.668
400.0 0.02559 2080.0 6.58 2.10 0.00250 1.89 243.0 1.42 1.00009 0.668

45 0.0 0.02275 23 40.0 6.58 2.10 0.00222 2.05 264.0 1.74 1.00008 0.668

5G0.0 0.02048 26 0.0 6.58 2.10 0.0C20C 2.21 284.0 2.08 1.00008 0.667
600.0 0.01706 3120.0 6.58 2.10 0.00167 2.51 322.0 2.83 1.00006 0.667
700.0 0.01463 3640.0 6.58 2.10 0.00143 2.80 359.0 3.68 1.00005 0.667
800.0 0.01280 4160.0 6.58 2.10 0.00125 3.07 394.0 4.62 1.00005 0.667
90G.0 0.01138 4680.0 6.58 2.10 0. 00111 3.34 428.0 5.65 1.00004 0.666

1000.0 0.01024 5190. 6.58 2.10 0.00100 3.60 462.0 6.77 1.00004 0.666
1100.0 0.009310 5710.0 6.58 2.10 0.000909 3.85 494.0 7.96 1.00O03 0.666
1200.0 0.008535 6230.0 6.58 2.10 0.000833 4.10 525.0 9.24 1.00003 0.666
1300.0 0.007878 6750.0 6.58 2.10 0.000769 4.34 556.0 10.6 1.00003 0.666

140C.0 0.007316 7270.0 6.58 2.10 0.000714 4.57 586.0 12.0 1.00003 0.666
1500.0 0.006828 7790. 6.58 2.10 0.000667 4.80 615.0 13.5 1.00003 0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HA' E BEEN MULTIPLIED BY THE INOICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM
2.2 ATHOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K • X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K M/S

• 2.157 0.0661.1

2.5 0.06696 51.0.0 2.61 3.795 5.288 1.905 1.811 1.954 243.0
3.0 0.06838 1.61.0 3.50 1.. 773 6.297 2.277 1.892 2.269 236.8
3.5 0.07056 367.0 3.93 5.971 7.51.1. 2.663 2.078 2.821 224.6
4.0 0.07389 266.0 l». 05 7.1.75 9. 122 3.065 2.237 3.604 208.2
4.5 0.0791.7 160.0 3.82 9.1.65 11.21. 3.581 2.431 5.055 163.6
5.0 0.09296 1.7.6 3.05 12.70 11.. 77 4.319 2.735 11.28 141.1
5.1 0.1005 23.5 2.72 13.93 16.17 4.595 2.850 19.29 126.9

• 5.17". 0.1177 2.70 2.20 15.91. 18.57 5.061 3.046 132.9 109.3
• 5.17". 0.1731. 0.865 1.1.2 19.79 23.66 6.045 3.323 369.6 98.71

5.2 0.2101 6.1.6 1.15 21.53 26.21 6.537 3.347 51.17 100.0
5.3 0.2582 17.7 0.921 23.1.1 29.17 7.102 3.319 20.44 105.2
5.4 0.2880 25.8 0.816 21.. 1.8 30.90 7.425 3.289 15.00 109.2
5.5 0.3120 32.6 0.71.7 25.31 3 2.26 7.675 3.264 12.54 112.7
5.6 0.3331 38.6 0.695 26.01 33.1.1. 7.887 3.243 11.10 115.8
5.7 0.3522 1.1.. 1 0.653 26.65 3». 50 8.075 3.225 10.14 118.6
5.8 0.3699 >.9.2 0.618 27.23 35.1.8 8.245 3.209 9.453 121.2
5.9 0.3866 5*. 0.589 27.7 8 36.39 8.402 3.196 8.931 123.7
6.0 0.1.025 58.5 0.563 26.29 37.27 6.548 3.185 8.521 126.0
6.5 0.1.71.5 78.6 0.1.70 30.61 1.1.18 9.176 3.146 7.319 136.1

7.0 0.5389 95.9 0.1.10 32.67 1.1.. 68 9.695 3.126 6.732 144.7
7.5 0.5992 112.0 0.366 31.. 6 1.7.95 10.15 3.116 6.385 152.3
8.0 0.6569 126.0 0.332 36. Mi 51.09 10.55 3.111 6.157 159.3
8.5 0.7126 li.1.0 0.305 38.21. 51.. 12 10.92 3.109 5.996 165.7
9.0 0.7671 151.. 0.282 39.99 57.09 11.26 3.108 5.878 171.8
9.5 0.8201. 167.0 0.263 1.1.72 60.00 11.57 3.109 5.787 177.5

10.0 0.8730 180.0 0.21.6 1.3.1.2 62.88 11.87 3.110 5.715 183.0
11.0 0.9758 201.. 0.220 1.6.76 68.51 12.41 3.111 5.615 193.3
12.0 1.077 228.0 0.198 50. 06 74. 07 12.89 3.114 5.544 202.9
13.0 1.177 252.0 0.181 53.33 79.57 13.33 3.116 5.491 212.0

u.o 1.276 275.0 0.167 56.58 85.03 13.74 3.117 5.450 220.6
15.0 1.371. 297.0 0.151. 59.81 90.45 14.11 3.119 5.417 228.8
16.0 1.472 320.0 0.11.1. 63. 01. 95.85 14.46 3.120 5.389 236.6
17.0 1.569 31.2.0 0.135 66.25 101.2 14.78 3.120 5.366 244.1
18.0 1.666 361.. 0.127 69.1.5 106.6 15.09 3.121 5.346 251.4
19.0 1.76 2 386.0 0.119 72.61. 111.9 15.38 3.121 5.330 258.4
20.0 1.858 1.0 8.0 0.113 75. 83 117.2 15.65 3.121 5.317 265.2
21.0 1.954 1.29.0 0.107 79. 01 122.6 15.91 3.122 5.305 271.8
22.0 2.049 1.51.0 0. 102 82.18 127.9 16.16 3.122 5.295 278.3
23.0 2.11.1. 1.72.0 0.0976 85.35 133.1 16.39 3.122 5.286 284.6

2l>.0 2.239 1.93.0 0. 0921. 88.51 138.1. 16.62 3.122 5.278 290.7
25.0 2.331. 515.0 0.0895 91.67 14 3.7 16.83 3.122 5.271 296.7
26.0 2.1.29 536.0 0.0860 94.83 11.9.0 17.04 3.122 5.265 302.6
28.0 2.618 578.0 0.0796 101.1 159.5 17.43 3.121 5.255 314.0
30.0 2.807 620.0 0.071.2 107.1. 170.0 17.79 3.121 5.247 324.9
32.0 2.995 662.0 0.0691. 113.7 180.5 18.13 3.121 5.240 335.5
34.0 3.183 701.. 0.0653 120.0 191.0 18.45 3.121 5.234 345.8
36.0 3.371 71.5.0 0. 0616 126.3 201.1. 18.75 3.121 5.230 355.7
38.0 3.559 787.0 0.0583 132.5 211.9 19.03 3.120 5.226 365.4
1.0.0 3.71.6 828.0 0.0553 138.8 222.3 19.30 3.120 5.222 374.8

".5.0 it. 215 932.0 0. 01.91 151..

5

21.8.1. 19.91 3.120 5.216 397.3
50.0 t. .68 3 101.0.0 O.Qi.i.2 170.1 27...

5

20.46 3.119 5.211 418.6
55.0 5.150 111.0.0 0.01.01 185.7 300.5 20.96 3.119 5.208 438.8
60.0 5.617 121.0.0 0.0367 201. 3 326.6 21.41 3.119 5.205 458.2
65.0 6.081. 131.0.0 0. 0339 217.0 352.6 21.83 3.118 5.203 476.7
70.0 6.55 11.50.0 0.0315 232.6 37 8.6 22.21 3.11" 5.202 494.5
75.0 7.017 1550.0 0.0291. 21.8.2 1.01..

6

22.57 3.118 5.200 511.7
80.0 7.1.8 3 1650.0 0.0275 263.8 1.30.6 22.91 3.118 5.199 528.4
90.0 8.1.16 1860.0 0. 021.5 295.0 1.82.6 23.52 3.118 5.198 560.2
100.0 9.348 2060.0 0.0220 326.2 531.. 5 24.07 3.117 5.197 590.3

125.0 11.68 2580.0 0.0176 1.01.. 1 661.. 1. 25.23 3.117 5.195 659.5
150.0 11.. 01 3090.0 0.011.7 1.82.0 794.

3

26.17 3.117 5.194 722.1
175.0 16.31. 36 0.0 0. 0126 560.0 924.2 26.97 3.117 5.194 779.7
200.0 18.67 1.110.0 0.0110 637.9 1054.0 27.67 3.117 5.194 833.4
225.0 21.00 1.630.0 0.00978 715.8 1184.0 28.28 3.117 5.193 883.7
250.0 23.33 5H.0.0 0.00880 793.7 1314.0 28.83 3.116 5.193 931.4
27 5.0 25.66 56 5 0.0 0. 00800 8 71.6 1443.0 29.32 3.116 5.193 976.7
300.0 27.99 6160.0 0.00733 91.9.5 157 3.0 29.77 3.116 5.193 1020.0
350.0 32.61. 7190.0 0. 00628 1105.0 1833.0 30.57 3.116 5.193 1102.0
1.00.0 37.30 8210.0 0.00550 1261.0 2093.0 31.27 3.116 5. 193 1178.0

1.5 0.0 ".1.96 921.0.0 0. 001.89 11.17.0 2352.0 31.88 3.116 5.193 1249.0
500.0 1.6.62 10300.0 0.001.1.0 1573.0 2612.0 32.43 3.116 5.193 1316.0
600.0 55.91. 12300.0 0. 367 1881.. 3131.0 33.37 3.116 5. 193 1442.0
700.0 65.26 11.1.00.0 0. 00311. 2196. 3651.0 34.17 3.116 5.193 1557.0
800.0 71.. 57 161.00.0 0.00275 2507.0 4170.0 34.87 3.116 5.193 1665.0
900.0 6 3.89 18500.0 0.0021.1. 2819. 4689.0 35.48 3.116 5.193 1765.0
1000.0 93.21 20500.0 0.00220 3131.0 5208.0 36.03 3.116 5.193 1861.0
1100.0 102.5 22600.0 0.00200 31.42.0 5728.0 36.52 3.116 5.193 195 2.0
1200.0 111.8 21.600.0 0.00183 3751.. 6247.0 36.97 3.116 5.193 2038.0
1300.0 121.2 26700.0 0.00169 1.065.0 6766.0 37.39 3.116 5.193 2122.0

1401.0 130.5 28700.0 0.00157 1.377. 7286.0 37.77 3.116 5.193 2202.0
1500.0 139.8 30800.0 0. 0011.7 1.689.0 7805.0 36.13 3.116 5.193 2279.0

TWO-PHASE eOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIEO BY THE INDICATED FACTOR



2.2 ATMOSFHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OESSITY VCOH/DV)
P

VIOP/OU] -VCDP/OV) (OV/DD/V
P

DECK G/CC
•• X 100

j/; ATM-CC/J ATM 1/OEG.K

THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MU/CM-K G/CM-S SO-CM/S
•• X lblCOG

J

2.157 15.06

3.0 14.62
3.5 14.17
<>.o 13.53
4.5 12.53
5.0 10.76
5.1 9.946
5.174 8.1.96

5.17". 5.758

5.2 4.759
5.3 3.873
5.i> 3.473
5.5 3.205
5.6 3.002
5.7 2.840
5.8 2.703
5.9 2.5S7

7.0 1.855 29.2 7.06
7.5 1.659 32.5 7.04
8.0 1.522 35.7 7.01
8.5 1.40 3 38.3 6.98
9.0 1.304 41.9 6.96
9.5 1.219 44.8 6.94

10.0 1.146 47.8 6.92
11.0 1.025 53.6 6.89
12.0 0.9284 59.2 6.86
13.0 0.8496 64.9 6.84

14.0 0.7336 70.4 6.82
15.0 0.7276 76.0 6.80
16.0 0.6793 81.5 6.78
17.0 0.6372 86. 9 6.77
18.0 0.6003 92.3 6.75
19.0 0.5675 97.8 6.74
20.0 0.5382 103.0 6.73
21.0 0.5118 108.0 6.72
22.0 0.4880 114.0 6.71
23.0 0.4663 119.0 6.71

24.0 0.4465 124.0 6.70
25.0 0.4284 130.0 6.69
26.0 0.4117 135.0 6.69
28.0 0.3320 146.0 6.68
30.0 0.3563 156.0 6.67
32.0 0.3339 167.0 6.66
34.0 0.3141 177.0 6.66
36.0 0.2966 188.0 6.65
38.0 0.2310 198.0 6.65
40.0 0.2669 209. 6.64

45.0 0.2373 235.0 6.63
50.0 0.2136 261.0 6.63
55.0 0.1942 287.0 6.62
60. 0.1780 313.0 6.62
55. D 0.1544 339.0 6.61
70.0 0.1527 365.0 6.61
75.0 0.1425 391.0 6.61
80.0 0.1336 417.0 6.61
90.0 0.1188 469.0 6.6C

100.0 .1070 521.0 6.60

125.0 0.08563 651.0 6.60
150.0 0.07138 781.0 6.59
175.0 0.05121 911.0 6.59
200.0 0. 05357 1040.0 6.59
225.0 0.04763 1170.0 6.59
250.0 0.04287 1300. 6.59
275.0 0.03898 1430.0 6.59
300.0 0.03573 1560.0 6.58
35 3.0 C. 03063 1820.0 6.58
400.0 u. 02681 2080.0 6.58

450.0 0.02383 2340.0 6.58
500.0 0.02145 2600.0 6.58
600.0 0.HI 7 88 3120.0 6.58
70O.O 0.01532 3640.0 6.58
80 0.0 0.01341 4160.0 6.58
900.0 0.01192 4680.

C

6.58
1000.0 0.01073 5190.0 6.58
1100.0 0.009754 5710.0 6.58
1200.0 0.008941 6230.0 6.58
1300.0 0.008253 6750.0 6.58

1400.0 0.007 664 7270.0 6.58
1500.0 0.007153 7790.0 6.58

2.34
0.230
.0499

0.3O7
0.686
.896

2.21
2.21

0.0324
0.U518
0.0756
0.113
0.190
0.595
1.16
9.57

0.230
0.196
0.172
0.154
0.140
0.129
0.120
0.105
0.0936

. 84 7

0.0774
0.0713
0.0662
0.0617
0.0579
0.0545
0.0516

.171

.186

.197

.205

0.251
0.167
0.152

3.169
0.175
0.180
0.191
0.201
0.211

0.220
0.2 29
3.2 38

0.2 46
J. 255
0.263
0.271
3.279
0.286
0.294

0.301

39G 316
0361 330
0336 344
0314 357
0295 371
0279 384
0264 397
0250 3 4C9

0222 440
0200 470
0181 499
016 6 527
0153 555

c 0142 582
0133 609
012 5 635
111 3 687

0100 737

00798 857
.00665 970
0570 1 08

00499 1 18
00444 1 .28
.00399 1 37
.00363 1 .46
.00333 1 55
.00285 1 72
.00250 1 89

.00222 2 .05

.00200 2 .21

.00167 2 .51

.00143 2 .80

.00125 3 07

.00111 3 34

.00130 3 .60

.000903 3 .85

.000833 4 10

.000769 * 34

.000714 4 .57

.000667 4 .80

22.1
22.8

25.0
26.4

75.0
78.5

111.0
125.3
139.0
152.0
164.0
176.0
188.0
199. C

222.0
243.0

264.0
284.0
322. C

359.0
394.0
428.0

000586 1 05622
3 003561 1 05504
.000493 1 05331

3 42 1 05087
000326 1 04725
000172 1 04031

c 000115 1 03723
0CO..442 1 03175
00OC510 1 02149

o uG„lG3 1 01771
.000211 1 01440
0C0292 1 01291

c 000363 1 01191
000428 1 01115
00C489 1 31055
O0G548 1 01004
000605 1 00960
000660 1 00922
.000925 1 00782

.00118 1 3 688

.00143 1 33619

.u01t9 1 03565
30195 1 03520

0.00221
0.03248
0.00275
0.00331
0.00390
0.00451

0.00515
0.00581
0.00650
0.0u721
0.0L794
0.0C869
0.00947
0.0103
C.0111
0.0119

0.0225
3.0 24 7

0.027C
C0294

0.0355
0.0422
0.0493

0.0733
0.0822
0.0915
0.111
0.133

0.193
0.262
0.339
3.424
0.517
0.616
0.722
0.8 34
1.08
1.36

1.66

00383
30344
03315

1.30290
1.00270
1.03252
1. .13236

1.00222
1.03210
1.00199
1.0.190
1.00181
1.00173

1.03165
1.00159
1.33152
1.00141
1.00132
1.03124
1.00116
1.00110
1.00104
1.03099

079
1.0J33
1.

1.00372
1.00066
1.03061
1.00057
1.00053
1.00349
1.03044
1.03040

1.00032
1.00026
1.00023
1.00020
1.00018
1.00016
1.00014
1.03013
1.30011
1.00013

1.00009
1.00008
1.00007
1.00006
1.00035
1.00004
1.03004
1.D0004

0.4 80

0.5C2
0.560
0.638
0.803
1.52
2.30
6.29

0.945

0.873
0.830
0.801
0.781
0.767
0.755
C.747
0.736
0.728
0.723

0.723
0.717
0.716
0.714
0.713
0.713
0.712
0.712
0.712
0.712

0.712
0.712
0.712
0.712
0.712
0.712
0.712
0.712
0.711
0.711

0.710
0.708
0.707
0.705
0.703
0.7C1
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM I|

2.3 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.156 0.06633
2.5 0.06688 51.5.0 2.61 3.789 5.348 1.902 1.806 1.948 244.0
3.0 0.06827 1.67.0 3.50 4.762 6.353 2.272 1.891 2.263 237.9
3.5 0.073 42 372.0 3.91. 5.953 7.594 2.657 2.076 2.609 225.9
"4.0 0.07369 271.0 4.07 7.1.1.5 9. 162 3.076 2.235 3.577 209.6
4.S 0.07910 167.0 3.65 9.409 11.25 3.567 2.426 4.966 165.9
5.0 0.09152 56.0 3.13 12.50 14.64 4.274 2.718 10.14 145.5
5.1 0. 09763 33.1 2.81. 13.57 15.85 4.513 2.815 14.87 133.0
5.2 0.1129 9.90 2.33 15.56 18.19 4.965 2.987 39.78 115.6
5.3 0.2173 10.3 1. 11 22.13 27.19 6.663 3.327 33.76 102.9

5.". 0.2556 19.8 0.930 23.67 29.63 7.139 3.301 18.9 107.3
5.5 0.28 26 27.1. 0.833 21.. 68 31.27 7.440 3.275 14.53 111.0
5.6 0.3051 3i>. 0.765 25.1.9 32.60 7.680 3.253 12.34 114.3
5.7 0.321.9 39.9 0.713 26. 19 33.77 7.866 3.234 11.01 117.3
5.6 0.34 3G 1.5.3 C.671 26.83 34.82 6.069 3.217 10.10 120.0
5.9 0.3599 50.3 0.637 27.1.1 35.79 8.236 3.203 9.441 122.6
6.0 0.3759 55.0 0.607 27.95 36.71 8.391 3.191 8.934 125.0
6.5 0.41.70 75.8 0.501 30.35 40.77 9.041 3.149 7.514 135.4
7.0 0.50 39 93.7 0.1.35 32.1.6 44.34 9.571 3.128 6.850 144.1
7.5 0.5685 110.0 0.387 3 It. 1.2 47.67 10.03 3.117 6.466 151.9

8.0 0.621.2 125.0 0.35C 36.29 50.83 10.44 3.111 6.217 156.9
8.5 0.6791 139.0 0. 321 38.09 53.90 10.81 3.109 6.043 165.5
9.0 0.7305 153.0 0.297 39.86 56.88 11.15 3.108 5.916 171.6
9.5 0.7819 166.0 0.276 1.1.59 59.82 11.47 3.109 5.818 177.3

10.0 0.8321. 179.0 0.259 1.3.31 62.71 11.76 3.109 5.742 182.9
11.0 0.9313 203.0 0.230 1.6.66 68.36 12.30 3.111 5.636 193.2
12.0 1.023 227.0 0.208 1.9.97 73.94 12.79 3.113 5.561 202.9
13.0 1.121. 251.0 0.190 53.25 79.45 13.23 3.116 5.505 212.0
11.. 1.219 27".. 0.175 56.50 84.92 13.64 3.117 5.462 220.6
15.0 1.311) 297.0 0.162 59.71. 9 0.35 14.01 3.119 5.428 228.8

16.0 1.1.07 319.0 0.151 62.97 95.77 14.36 3.120 5.398 236.6
17.0 1.500 31.2.0 0.11.1 66. 19 101.2 14.69 3.121 5.374 244.2
18.0 1.593 361.. 0.132 69.39 105.5 14.99 3.121 5.354 251.4
19.0 1.685 386.0 0.125 72.59 111.9 15.28 3.121 5.337 258.5
20.0 1.777 1.07.0 0. 118 75.76 117.2 15.56 3.122 5.322 265.3
21.0 1.35 9 1.29.0 0. 112 78.96 122.5 15.82 3.122 5.310 271.9
22.0 1.96 1.51.0 0.107 82.13 127.8 16.06 3.122 5.299 278.4
23.0 2.051 1.72.0 0.102 85.30 133.1 16.30 3.122 5.290 264.7
24.0 2.11.2 U93.0 0.0977 88.1.7 138.4 16.52 3.122 5.282 290.8
25.0 2.233 515.0 0. 0937 91.63 143.7 16.74 3.122 5.275 296.8

26.0 2.321. 536.0 0.0899 94.79 148.9 16.96 3.122 5.268 302.7
26.0 2.505 578.0 0. 0833 101. 1 159.5 17.34 3.122 5.258 314.1
30.0 2.685 620.0 0.0776 107.4 170.0 17.70 3.121 5.249 325.1
32.0 2.365 662.0 0.0726 113.7 180.5 18.04 3.121 5.242 335.7
34.0 3.01.5 701.. 0.0683 120.0 190.9 18.35 3.121 5.236 345.9
36.0 3.225 71.6.0 0. 061.1. 126.2 201.4 18.65 3.121 5.231 355.6
38.0 3.1.0 5 787.0 0.C610 132.5 211.9 16.94 3.121 5.227 365.5
1>C0 3.581. 829.0 0. 0579 138.8 222.3 19.20 3.120 5.224 374.9

1.5.0 4.032 932.0 0.0511. 154.4 248.4 19.82 3.120 5.217 397.4
50.0 4.48 101.0.0 0.01.62 170.1 274.5 20.37 3.119 5.212 418.7
55.0 4.92 7 1140.0 0.01.19 185.7 30 0.5 20.86 3.119 5.208 438.9
60.0 5.371. 121.0.0 0.0381. 201. 3 326.6 21.32 3.119 5.206 456.3
65.0 5.820 1340.0 0.0355 217.0 35 2.6 21.73 3.119 5.204 476.8
70.0 6.267 11.50.0 0. 0329 232.6 37 8.6 22.12 3.118 5.202 494.6
75.0 6.713 1550.0 0. 0307 248.2 404.6 22.48 3.118 5.201 511.8
80.0 7.159 16 5 0.0 O.02ea 263.8 430.6 22.81 3.116 5.200 526.5
90.0 8.051 1860.0 0.0256 295.0 482.6 23.43 3.118 5.198 560.3
100.0 6.91.3 2060.0 0.0230 326.2 534.6 23.97 3.118 5.197 590.4

125.0 11.17 2580.0 0.0161. 404. 1 664.5 25.13 3.117 5.195 659.6
15 0.0 13.1.0 3090.0 0.0153 482.0 794.3 26.06 3.117 5.194 722.2
175.0 15.63 3600.0 0.0131 560. 924.2 26.88 3.117 5.194 779.6
200.0 17.86 1.110.0 0. 0115 637.9 1054.0 27.56 3.117 5.194 833.4
225.0 20.09 1.630.0 0. 0102 715.8 1184.0 28.19 3.117 5.193 883.8
250.0 22.31 5140.0 0.00920 793.7 1314.0 28.73 3.116 5.193 931.5
275.0 21.. 54 565C.0 0. 00836 871.6 1444.0 29.23 3.116 5.193 976.8
300.0 26.77 6160.0 0.00767 949.5 1573.0 29.68 3.116 5.193 1020.0
35 0.0 31.23 7190.0 0.00657 1105.0 1833.0 30.48 3.116 5.193 11O2.0
<>00.0 35.68 8210.0 0.00575 1261.0 2093.0 31.17 3.116 5.193 1178.0

".50.0 1.0.11. 921.0.0 0.00511 1417.0 2352.0 31.79 3.116 5.193 1249.0
500.0 44.59 10300.0 0.001.60 1573.0 2612.0 32.33 3.116 5.193 1316.0
600.0 53.51 12300.0 0.00383 1884.

C

3131.0 33.28 3.116 5.193 1442.0
700.0 62.1.2 14400.0 D. 00329 2196.0 3651.0 34.08 3.116 5.193 1557.0
800.0 71.33 16400.0 0.00287 2507.0 4170.0 34.77 3.116 5.193 1665.0
900.0 8 0.21. 18500.0 0.00256 2819. 4669.0 35.39 3.116 5.193 1765.0

1000.0 89.16 20500.0 ' 0.00230 3131.0 5208.0 35.93 3.116 5.193 1861.0
1100.0 98.07 22600.0 0. 00209 3442.0 5728.0 36.43 3.116 5.193 1952.0
1200.0 107.0 21.600.0 0. 00192 3754. 6247.0 36.88 3.116 5.193 2036.0
130C.0 115.9 26700.0 0. 00177 4065. 6766.0 37.30 3.116 5.193 2122.0

1400.0 121..

8

28700.0 0.00161. 4377.0 7286.0 37.68 3.116 5.193 2202.0
1500.0 133.7 3 0800.0 0. 00153 4689.0 7805.0 38.04 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



2.3 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OENSITY

15.03
14.95
Ik. 65

13.57
12.61.

10.93
10.21.

8.859
» .601

5.4

5.5

5.9
6.0

25.0

26.0
28.0
30.0
32.0
.!..«

36.0
38.0
1.0.0

100.0

125.0
150.0
175.0
20 0.0
225.0
250.0
275.0
30 0.0
350.0
1.0 0.0

<.50.0

500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
1200.0
1300.0

140 0.0
150 O.O

3.913
3.539
3.278
3.078
2.915
2.778
2.650
2.237
1.951
1.759

1.602
1.475
1.369
1.279
1.201
1.071.

0.9723
0.889".
0.8201
0.7612

0.7106
0.6665
0.6277
0.593<.
0.5627
0.5351
0.5102
0.4875
0. 1.668
O.i. 1.78

O.hIO-
0.3993
0.37?".
0.31.90
0.328".
0.3101
0.2937
0.2790

0.21.80
0.2232
0.2030
0.1861
0.1718
0.1596
0.11.90
0.1397
0.121.2
0.1118

0.09951
0.071.62
0.06398
0.05600
0.01.979
0.04 482
0.04075
0.03736
0.03202
0.02803

0.02W91
0.0221.2
0.01869
0.01602
.011.02

0.0121.6
0.01122
0.01020
0.00931.7
0.008629

0.008012
0.0071.78

VCDH/DV)
P

JVC

37.7
32..

VtOP/OUl

ATM-CCJ

-V(DP/DV) IOV/OTJ/V

19.8
17.7

81.1.

86.9
92.3
97.7

103.0
108.0
11"..

119.0
12"..

130.0

135.0
11.6.0

156.0
167.0
177.0
188.0
198.0
209.0

235.0
261.0
287.0
313.0
339.0
365.0
391.0

651.0
781.0
911.
1OU0.0
1170.0
1300.
11.30. D

1560.0
1820.0
2080.0

231.0.

2600.0
3120.0
361.0.0
1.160. D

1*680 .0

5190.0
5710.0
6230.0
6750.0

7270.0
7790.0

6.87
6.85

6.76
6.75

6.58
6.58

6.58
6.58

68.1.

52.8
36.8

0.877
0.1.7".

.776

.970

2.30
2.30
2.30

2.30
2.3J
2.30
2.30
2.30
2.30
2.30

0.0320
0.0512
0.0745
0.110
0.183
0.512
0.84C
2.66
2.35

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MW/CM-K C/CM-S SO-CM/S
•• X 1000000

0.171
0.187
0.197
0.205
0.208
0.208
0.213
j.262
0.207

0.,858 .153
.687 ,11.8

.581 .1-5
0,.509 .11.3

.1.55 .11.2

U i,41*i 0,,1-2
.296 .11.1.

0..237 0,,11.8

c .200 ,154

0.,175 .159
.157 .165
.11.2 ,170
.130 0.,175
.121 .181

0.,106 .191
.09*1 ,201

0.,0850 .211
,0777 ,220
.0715 ,229

,0663 ,238
,0619 3 .21.7

,0580 .255
,051.6 ,263

0.,0516 .271
.G49o .279
,01.66 .287
,01.1.1. ,291.

.0424 ,302
0..01.0 6 ,3G9

o ,0390 .316
,0361 ,330
,0336 .344

0.,0 31". .358
.0295 9 .371
,0279 .38".

.026". .397

.0250 ,1.09

,0222 .1.1.0

.0200 3 .1.70

,0181 .1.99

,0166 .527
,0153 .555
.011.2 .582
.0133 .609
.0125 .636
.0111 .687
.0100 .737

.00798 .857

.00665 .970

.00570 1 .08
,001.99 1 .18
.CO". ".I. 1 .28
.00399 1 .37
.00363 1 .1.6

.00333 1 .55

.00285 1 .72

.00250 1 .89

.00222 2 .05

.00200 2 .21

.00167 2 .51

.0C1".3 2 .8w

.00125 3 .07

.00111 3 .31.

.00100 3 .60

o .00)909 3 .85
.000833 4 .10

I .000769 * .34

.00071* 4 .57

.000667 <* .80

19.3
20.0

1.8.6

50.1.

111.3
125.0
139.0
15 2.0
16*.
176.0
188.0
199.0
222.0
243.0

261. .

28».
322.0
359.0
391..

1.28.0

1.62.0

,000588 1..05633
.0CC563 1..05513
.3001.95 1.,3 531.2

.0001.23 1..05101
,000332 1..Ci.71.7

c .000188 1.,01.095
.00011.0 1 ,03836

o .0090744 1..33312
.000133 1..01712

.000223 1.,011.55

.000298 1,.01315

.000365 1..01218

.0001.27 1,,C1143

.0001*86 1,.01083

.000542 1,.C1032
c .000597 1,.00989
.000857 1,.03830
,00110 1,,00728
.00135 1,.03652

.00160 1,.00591.

,0C185 1,•C3547
,00210 1,.00508
,00236 1,.001.7"*

,00262 1..00"*"*5

.00316 1,,00398

.00372 1..0 336

.001.31 1,.03330

.0C92 1,,0330"*

,00555 1,.C0282

.00621 1..00263

.00689 1, , 247

.00759 1,.00233
,00631 1 .00220
,00906 1,,0 0208
.00982 1 ,00198
.0106 1,,00189
.0114 1..00181
.0122 1,.G3173

3 .0131 1,.03166

.0139 1,,00159

.0157 1 .00148

.0176 1,,00138

.0196 1.,33129
,0216 1,,33122
.0237 1,,03115

o .0256 1,,00139
.0281 1,,00103

.0340 1 ,00092

. 01.01" 1,,C J383

.0»72 1.,03075

.0544 1,,33369

.0621 1 ,0306".

.0732 1,,33059

.078f 1 .33355

.0875 1,.03052

.106 1 ,00046

.127 1 ,0001.1

0.590
0.691
0.798

1.03021
1.00318
1.00017

.03009

.33008

.03007

.0.1006

.03005

.00035

.0000"*

.33001*

.00003

.30003

0.1.80

0.502
0.559
0.636
0.791
1.39
1.88

0.810
C.788
0.772
0.760
0.751
C.739
C.731
C.725
C.722
C.719

0.717
0.715
0.711.

0.711.
0.713
C.713
0.713
0.713
0.713
0.712

0.712
0.712
0.712
0.712
0.712
0.712
0.711
0.711

0.7C5
0.7C3
0.701
C.699
0.697
0.691.

0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
0.667
0.667
0.667
0.666
0.6 66
0.666
0.666
0.666

TWO-PHASE 80UN0ARY
NUMBERS IN THIS COLUMN "AVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM I.

2.1. ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K *• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

* 2.155 0.06625
2.5 0.06679 550.0 2.61 3.783 5.1.07 1.898 1.801 1.9*1 2*5.0
3.

a

0.06817 1.72.0 3.50 1..751 6.1.08 2.266 1.889 2.257 239.0
3.5 0.07026 378.0 3.95 5.935 7.6»i. 2.651 2.07* 2.798 227.2
ll.O 0.07350 277.0 l>.09 7.1.16 9.203 3.068 2.2 32 3.551 211.1.
"..5 0.07875 173.0 3.88 9.351. 11.27 3.553 2.1.22 lt.885 188.0
5.0 0.09030 63.9 3.20 12.31. 11). 53 *.23* 2.702 9.321 11)9.5

5.1 0.0951)6 1.1.9 2.95 13.30 15.62 *.**9 2.789 12.55 138.2
5.2 0.1052 21.2 2.57 11). 76 17.31 1..776 2.905 21.06 121). 8

5.3 0.1572 3.07 1.58 19.3 23.12 5.878 3.258 111.7 103.2

5.". 0.2211. 13.6 1. 09 22.61 27.99 6.790 3.307 26.66 105.5
5.5 0.2535 22.1 0.938 23.95 30.11 7.180 3.285 17.57 109.1.

5.6 0.2781 29.2 0.81.7 21.. 91 31.67 7.1.61 3.262 1I>. 01) 112.8
5.7 0.2991 35.5 0.781 25.7 32.97 7.691 3.2*2 12.12 116.0
5.8 0.3176 1.1.2 0.730 26.39 31). 12 7.891 3.225 10.90 118.8
5.9 0. 3350 l>6.6 0.689 27. 01 35.16 8.069 3.210 10.0* 121.5
6.0 0.3511 51.5 0.651. 27.59 36.13 8.232 3.196 9.1)11 121).

6.5 0.-.217 73.1 0.531. 30.09 1)0.35 8.908 3.152 7.72* 131).

7

7.0 0.1)833 91.1. 0.1.60 32.25 i)l>. 00 9.*50 3.129 6.97* ll>3.6

7.5 0.51.0 2 108.0 0.1.08 31). 21) 1)7.37 9.916 3.117 6.550 151.5

6.0 0.591)3 123.0 0.369 36.13 50.58 10.33 3.111 6.279 158.6
6.5 0.61.61. 137.0 0.338 37.95 53.67 10.70 3.109 6.091 165.2
9.0 0.6970 151.0 0.312 39.73 56.68 11.05 3.108 5.955 171.*
9.5 0.71.66 165.0 0.290 1.1.1*7 59.63 11.37 3.108 5.851 177.2

10.0 0.7953 178.0 0.272 1)3.19 62.53 11.66 3.109 5.769 182.7
11.0 0.8901. 202.0 0.21.2 l>6.56 66.21 12.21 3.111 5.657 193.1
12.0 0.9839 227.0 0.218 1.9.88 73.80 12.69 3.113 5.578 202.8
13.0 1.076 250.0 0.199 53. 16 79.33 13.1* 3.115 5.520 212.0
1*.0 1.16 7 271). 0.183 56.1.2 61). 81 13.5* 3.117 5.47* 220.6
15.0 1.258 296.0 0.169 59.67 90.26 13.92 3.119 5.1)39 228.9

16. 1.3l>8 319.0 0.157 62.90 95.68 14.27 3.120 5.1.07 236.7
17.0 1.1.37 31)1.0 0.11.7 66. 12 101.1 1*.60 3.121 5.382 21)*.

3

18. 1.526 361). 0.138 69.33 106.1) 11). 90 3.121 5.361 251.5
19.0 1.615 386.0 0.131 72.53 111.8 15.19 3.122 5.3*3 258.6
20.0 1.703 1.07.0 0. 121) 75. 72 117.1 15.1.7 3.122 5.328 265.1.
21.0 1.791 1.29.0 0.117 78.91 122.5 15.73 3.122 5.315 272.0
22.0 1.87 8 1)51.0 0.112 82.08 127.8 15.97 3.122 5.30* 278.5
23.0 1.966 1)72.0 0.107 85.26 133.1 16.21 3.122 5.29* 26*. 8
24.0 2.053 1)93.0 0.102 88.1.2 138.1. 16.*3 3.122 5.286 290.9
25.0 2.1i>0 515.0 0.0978 91.59 11)3.6 16.65 3.122 5.278 296.9

26.0 2.227 536.0 0.0939 91). 75 ll>8.9 16.86 3.122 5.272 302.8
28.0 2.1.01 578.0 0. 0870 101. 1 159.1. 17.25 3.122 5.261 31*. 2

30.0 2.571. 620.0 0.0810 107.1. 170.0 17.61 3.122 5.252 325.2
32.0 2.71.7 662.0 0.0756 113.7 180.1. 17.95 3.121 5.2*1. 335.8
31.. 2.919 701.. 0.0713 119.9 190.9 18.26 3.121 5.238 31>6.0

36.0 3.092 71.6.0 0. 0672 126.2 201.1) 18.56 3.121 5.233 356.0
38.0 3.26". 788.0 0.0636 132.5 211.9 18.85 3.121 5.229 365.6
*G.O 3.1.36 829.0 0. 0601. 138.8 222.3 19.12 3.121 5.225 375.0

1.5.0 3.865 933.0 0.0536 151). i> 2<>8.l) 19.73 3.120 5.218 397.6
50.0 I..29* 101.0.0 0.01.82 170.1 271..

5

20.26 3.120 5.213 )18.8
55.0 i).723 111.0.0 0. Ci.38 185.7 300.5 20.78 3.119 5.209 *39.1
60.0 5.151 121.0.0 0. 01.01 201.3 326.6 21.23 3.119 5.206 1)58.1)

65.0 5.579 1350.0 0.0370 216.9 352.6 21.65 3.119 5.20* 1)76.9
7C.0 6.007 11.50.0 0.031.3 2 32.6 378.6 22.03 3.118 5.202 *9l».7

75.0 6.1.35 1550.0 0.0320 21.8.2 401*. 6 22.39 3.118 5.201 512.0
eo.o 6.862 1650.0 0. 0300 263.8 1.30.6 22.73 3.118 5.200 528.6
90.0 7.717 1860.0 0.0267 295. 1.62.6 23.3* 3.118 5.198 560.*
100.0 8.572 2060.0 0.021.0 326.1 53*.

6

23.89 3.118 5.197 590.5

125.0 10.71 2580.0 0. 0192 1.01*. 1 66*. 5 25.05 3.117 5.195 659.7
150.0 12.81. 3090.0 0.0160 1.82.0 79*.

*

25.99 3.117 5.19* 722.3
175.0 11). 98 3600.0 0.0137 560. 92*.

2

26.79 3.117 5.19* 779.9
200.0 17.11 1)110.0 0. 0120 6 37.9 105*. 27.1.9 3.117 5.19* 833.5
225.0 19.25 1)630.0 0. 0107 715.8 118*. 28.10 3.117 5.193 883.9
25 0.0 21.39 511.0.0 0.00960 793.7 131*. 28.65 3.117 5.193 931.5
275.0 23.52 5650.0 0. 00873 871.6 11)**. 29.1* 3.116 5.193 976.6
300.0 25.66 6160.0 0.00800 91.9.5 1573.0 29.59 3.116 5.193 1020.0
350.0 29.93 7190.0 0. 00686 1105. 1833.0 30.39 3.116 5.193 1102.0
1)00.0 3*. 20 8210.0 0.00600 1261. 2093.0 31.09 3.116 5.193 1178.0

1)5 0.0 38.1)7 921.0.0 0. 00533 11.17.0 2352.0 31.70 3.116 5.193 12*9.0
500.0 i)2.7i) 10300.0 0.00480 1573. 2612.0 32.25 3.116 5.193 1316.0
600.0 51.23 12300.0 0. 001.00 1881). 3131.0 33.19 3.116 5.193 11)1)2.0

700.0 59.82 11.1*00.0 0.0031.3 2196.0 3651.0 33.99 3.116 5.193 1557.0
800.0 68.36 161)0 0.0 0. 00300 2507. 1)170.0 3*. 69 3.116 5.193 1665.0
900.0 76.90 18500.0 0.00267 2819. 1.689.0 35.30 3.116 5.193 1766.0

1000.0 85.1)1) 20500.0 0.0021)0 3131.0 5208.0 35.8* 3.116 5.193 1861.0
1100.0 93.98 22600.0 0.00218 31)1.2.0 5728.0 36.3* 3.116 5.193 1952.0
1200.0 102.5 21.600.0 0.00200 3751.. 62*7.0 36.79 3.116 5.193 2038.0
1300.0 111.1 26700.0 0.00185 1.065. 6766.0 37.21 3.116 5.193 2122.0

11)0 0.0 119.6 28700.0 0.00171 1.377.0 7286.0 37.59 3.116 5.193 2202.0
1500.0 128.1 30800.0 0. 00160 1.689. 7805.0 37.95 3.116 5.193 2279.0

THO-PHASE EOUNOARY
NUMBERS IN THIS COLUM HAVE ne^N MULTIPLIED BY THE INDICATED FACTOR



2.1. ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM 4

TEHPERATURE OENSITY

15.09
lit. 97
lit. 67
lit. 23
13.61
12.70
11.07
10.48
9.502
6.363

5. it

5.5
5.6

6.0
6.5
7.0
7.5

11.0
12.0
13.0
lit.O

15.0

16.0
17.0
18.0
19.0
20.0
21.0

U0 .0

tS.D
50.0
55.0
60.0
65.0
70.0
75.0

100.0

125.0
150.0
175.0
200.0
225.0
25 0.0
275.0
300.0
350.0
1.00.0

1.50.0

500.0
600.0
700.0
60 0.0
900.0
1000.0
1100.0
1200.0
130 0.0

lit 0.0
150O.0

11.517

3.91 It

3.595
3.31.3

3.11.7

2.955
2.81.8

2.371
2.069
1.851

1.683
1.51.7
1.1.35

1.339
1.257
1.123
1.016
0.9293
0.8566
0.791.9

0.7419
0.6958
0.6552
0.6193
0.5873
0.5581.
0.5321.
0.5087
0.1.871
0.1.673

.»i.90

0.1.166
0.3885
0.361.1
0.31.26
0.3235
0.306li

0.2911

0.2587
0.2329
0.2117
0.191.1
0.1792
0.1665
0.1551.
0.1ii57

0.1296
0.1167

0.09339
0.07786
0.06676
0.0581.3
0.05195
.0H676

0.04252
0.03898
0.0331.2
0.02921.

0.02600
0.02340
0.01950
0.01672
.0146J

0.01300
0.01170
0.01061.
0.009754
0.009004

VCOH/OV)
P

J/C

20.6
18.7

V (DP/OU)

ATM-CC/J

-VIOP/DV) (OV/DTI/V THERMAL VISCOSITYT P CONDUCTIVITY
ATM 1/DEG.K MH/CM-K G/CM-S

•• X ICOCOOi

17.4
18. 1.

92.3
97.7

103.0
108.0
114. 3

119.0
124.0
130.0

135.0
1*6.0
156.0
167.0
177.0
188.0
198.0
209.0

235.0
261.0
287.0
313.0
339.0
365.
391.0
417.0
1.69.0
521.0

651.0
781.0
911.0
1040.0
1170.0
1300.0
1430.0
1560.0
1820.0
2U80.0

2340.0
2600.0
3120.0
Jb40.0
4160.0
4680.0
5190.0
5710.0
6230.
6750.0

7270.0
7790.0

7.64

7.29
7.24
7.22
7.21
7.20
7.19
7.18

6.95
6.91
6.89
6.86
6.84
6.82

6.80

6.73
6.72

6.59
6.58
6.58

0.615
0.871
1.05

2.13
2.17
2.21

.0317

.0506

.0735

.108

.177

.452

0.172
0.187
0.198
0.2C6
0.209
0.2C9
0.211
0.222
0.424

658 149
563 147
4 96 145
445 144
308 145
244 149-

205 154

178 160
159 165
144 171
132 176
122 181
106 192
0946 202
0854 211
0779 221
0717 230

66 5 239
62 247

0581 255
0547 a 264

n 0517 272
49 279

0466 287
44 4 295

0425 302
a 0407 309

39 316
361 331

0336 344
314 358

0295 371
0279 384
0264 397
25 410

0222 440
0200 470
0181 499
016 6 528
0153 555
0142 .583
013 3 609
012 5 .636
0111 .687

G 010 737

C0798 .857
00665 .970
0570 1 .08

00499 1 .18
00444 1 .28
00399 1 .37
00363 1 46
00333 1 55
00285 1 72
00250 1 89

00222 2 .05
00200 2 .21
00167 2 51
00143 2 .86
00125 3 .07
00111 3 .34

G ooioo 3 .60
000909 3 .85
000833 4 .10
000769 * .34

000714 4 .57
000667 4 80

111.
125.
139.
152.

199.0
222.0

586.
615.

G 000591 1 05637
000565 1 05521
.000497 1 05352
00C426 1 05115
.U0237 1 04769
0002L2 1 04151
000160 1 03924
0G0111 1 03555
.0C0S97 1 C2372

000157 1 01681
0C0236 1 01467
COG305 1 01336

G 000368 1 01242
G 0C0428 1 01169

C00484 1 01109
000539 1 01058
000 794 1 00880
0011.4 1 00768
00127 1 50687

00151 1 00624
a 00175 1 J0574

0C2GC 1 00532
00225 1 00497
3025C 1 00466
00302 1 00416
00356 1 00377
.00412 1 00344
00471 1 00317

G .00531 1 00295

00595 1 00275
00660 1 258

G 00727 1 00243
00796 1 00229

c 0CS68 1 00218
c .C0941 1 C3207

0102 1 00197
0109 1 00188
0117 1 00180
0125 1 C0173

0134 1 00166
0151 1 00154
0169 1 C0144
0187 1 00135
0207 1 00127
0227 1 00120
0248 1 00113
0269 1 00108

0326 1 00096
.0387 1 3 8 6

G45 3 1 00078
.0522 1 30072
.0595 1 03066
.G673 1 3G362
.0754 1 00058
0839 1 00054
102 1 00048

a 122 1 00043

177 1 00035
240 1 00029
311 1 00325
389 1 00022
474 1 C0019
565 1 03017
662 1 00016
765 1 00014
992 1 0j012

1 24 1 03011

1 52 1 00010
1 82 1 03009
2 48 1 C0007
3 22 1 000G6
4 34 1 00005
4 94 1 03005
5 92 1 30004
6 97 1 C3004
8 09 1 00004
9 27 1 03003

Q 5 1 00003
1 8 1 03C03

0.480
0.513
0.558
0.633
C.781
1.29
1.64

1.0C
0.916
0.853

C.819
0.795
0.778
0.765
0.755
0.742
0.733
0.727
0.723
0.720

0.718
0.717
0.715
0.715
0.714
0.714
0.713
0.713
0.713
0.713

0.713
0.713
0.713
0.712
0.712
0.712
0.712
0.711

0.710
G.7C8
0.707
0.705
0.703
C.7C1
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
3.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM i*

ATMOSPHERE IS03AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2. 151. 0.06617
2.5 0.06671 555.0 2.60 3.777 5.467 1.895 1.796 1.934 246.0
3.0 0.06807 477.0 3.51 4.740 6.464 2.263 1.888 2.251 240.1
3.5 0.07015 383.0 3.96 5.918 7.695 2.645 2.072 2.787 228.4
4.0 0.07330 283.0 4.11 7.387 9.244 3.059 2.229 3.526 213.0
4.5 0.07841 179.0 3.91 9.302 11.29 3.539 2.417 4.809 190.1
5.0 0.09923 71.6 3.27 12.19 14.45 4.199 2.689 8.695 153.2
5.1 0.09373 50.3 3.04 13.07 15.45 4.396 2.769 11.09 142.9
5.2 0.1012 30.9 2.72 14.29 16.86 4.668 2.859 15.61 131.5
5.3 0.1167 10.4 2.24 16.23 19.18 5.110 2.987 38.46 116.4

5.". 0.1824 7.86 1.35 20.99 25.62 6.313 3.287 45.30 104.8
5.5 0.22<1 16.7 1.07 23.03 28.70 6.880 3.289 22.60 10S.O
5.6 0.2519 24.4 0.944 24.23 30.61 7.224 3.269 16.43 111.5
5.7 0.2744 31.1 0.859 25.14 32.09 7.487 3.249 13.56 114.7
5.8 0.2940 37.2 0.796 25.91 33.36 7.707 3.232 11.87 117.7
5.9 0.3116 42.8 0.746 26. 59 34.49 7.899 3.216 10.76 120.4
6.0 0.3230 48.0 0.704 27.21 35.52 8.073 3.202 9.97 123.0
6.5 0.3983 70.3 0.568 29.82 39.91 8.777 3.155 7.954 134.0
7.0 0.45 8 7 89.1 0.487 32.03 43.65 9.332 3.131 7.106 143.1
7.5 0.5142 106.0 0.431 34.05 47.08 9.805 3.118 6.638 151.1

8.0 C.5657 121.0 0.388 35.96 50.32 10.22 3.112 6.343 158.3
8.5 0.6172 136.0 0.354 37.80 53.44 10.60 3.109 6.141 165.0
9.0 0.6662 150.0 0.327 39. 59 56.47 10.95 3.108 5.994 171.2
9.5 0.7141 163.0 0.304 41.35 59.44 11.27 3.108 5.883 177.0
ICO 0.7611 177.0 0.284 43.0 8 62.36 11.57 3.109 5.797 182.6
11.0 0.8528 202.0 0.253 46.46 68.06 12.11 3.111 5.678 193.1
12.0 0.9429 226.0 0.228 49.78 73.67 12.60 3.113 5.595 202.8
13.0 1.032 250.0 0.208 53. 08 79.21 13.05 3.115 5.534 212.0
IV. 1.120 273.0 0.191 56.34 64.71 13.45 3.117 5.487 220.6
15.0 1.207 296.0 0.177 59.59 90.16 13.83 3.119 5.449 228.9

16.0 1.29 3 319.0 0.164 62.83 95.59 14.18 3.120 5.417 236.8
17.0 1.379 341.0 0.154 66.06 101.0 14.51 3.121 5.390 244.3
18.0 1.465 363.0 0. 144 69.27 106.4 14.81 3.122 5.368 251.6
19.0 1.550 385.0 0.136 72.47 111.7 15.10 3.122 5.349 258.7
20.0 1.634 407.0 0.129 75.67 117.1 15.38 3.122 5.334 265.5
21.0 1.719 429.0 0.122 7 8. 86 122.4 15.64 3.122 5.320 272.1
22.0 1.803 451.0 C.117 82.04 127.7 15.89 3.122 5.309 27 8.6
23.0 1.887 472.0 0.111 85.21 133.0 16.12 3.122 5.299 284.9
24.0 1.971 494.0 0.106 88. 38 138.3 16.35 3.122 5.290 291.0
25.0 2.055 515.0 0.102 91.55 143.6 16.56 3.122 5.282 297.1

26.0 2.138 536.0 0.0979 94.71 148.9 16.77 3.122 5.275 302.9
28.0 2.305 579.0 0.0907 101.0 159.4 17.16 3.122 5.263 314.3
30.0 2.471 621.0 0.0844 107.3 169.9 17.52 3.122 5.254 325.3
32.0 2.637 663.0 0. 0790 113.6 180.4 17.86 3.122 5.246 335.9
34.0 2.803 705.0 0.0743 119.9 190.9 18.18 3.121 5.240 346.1
36.0 2.96 9 746.0 0.0700 126.2 201.4 18.48 3.121 5.235 356.1
38.0 3.134 788.0 0.0663 132.5 211.9 18.76 3.121 5.230 365.8
4C0 3.299 830.0 0. 0629 138.7 222.3 19.03 3.121 5.226 375.2

45.0 3.712 933.0 0.0558 154.4 246.4 19.64 3.120 5.219 397.7
50.0 4.123 1040.0 0.0502 170.1 274.5 20.19 3.120 5.214 418.9
55.0 4.535 1140.0 0.0456 185.7 300.6 20.69 3.119 5.210 439.2
6C.0 4.946 1240.0 0.0418 201.3 32 6.6 21.14 3.119 5.207 458.5
65.0 5.357 1350.0 0.0385 216.9 352.6 21.56 3.119 5.204 477.0
70.0 5.768 1450.0 0. 0358 232.5 376.6 21.95 3.119 5.203 494.8
75.0 6.178 1550.0 0.0334 248.1 404.7 22.31 3.118 5.201 512.1
80.0 6.589 1650.0 0. 0313 263.8 43 0.7 22.64 3.118 5.200 528.7
90.0 7.410 1860.0 0.0278 295.0 482.6 23.25 3.118 5.198 560.5

100.0 8.230 2070.0 0.0250 326.1 534.6 23.80 3.118 5.197 590.6

125.0 10.28 2580.0 0.0200 404.1 664.5 24.96 3.117 5.195 659.8
15 0.0 12.33 3090.0 0. 0167 482. 79 4.4 25.91 3.117 5.194 722.3
175.0 14.38 3600.0 0. 0143 560. 924.3 26.71 3.117 5.194 779.9
200.0 16.43 4120.0 0.0125 6 37.9 1054.0 27.40 3.117 5.194 833.5
225.0 18.48 4630.0 0.0111 715.8 1184.0 28.01 3.117 5.193 883.9
250.0 20.53 5140.0 0. 0100 793.7 1314.0 28.56 3.117 5.193 931.6
275.0 22.58 5650.0 0. 00909 871-6 1444.0 29.06 3.116 5.193 976.9
300.0 24.63 6170.0 0. ooe33 949.5 1573.0 29.51 3.116 5.193 1020.0
35 0.0 28.73 7190.0 0.00714 1105.0 1833.0 30.31 3.116 5.193 1102.0
400.0 32.83 8210.0 0.00625 1261.0 2093.0 31.00 3.116 5.193 1178.0

45 0.0 36.93 9240.0 0.00555 1417.0 2352.0 31.61 3.116 5.193 1249.0
500.0 41.03 10300.0 0.00500 1573.0 2612.0 32.16 3.116 5.193 1316.0
600. 49.23 12300.0 0.00417 1884.0 3131.0 33.11 3.116 5.193 1442.
700.0 57.43 14400.0 0.C0357 2196. 3651.0 33.91 3.116 5.193 1557.0
800.0 65.63 16400.0 0.00312 2507. 4170.(1 34.60 3.116 5.193 1665.0
900.0 73.83 18500.0 0.00278 2819. 4689.0 35.21 3.116 5.193 1766.0

1000.0 82.03 2O50C.0 0.00250 3131. 5208.0 35.76 3.116 5.193 1861.0
1100.0 9 0.23 22600.0 0.00227 3442.0 5728.0 36.25 3.116 5.193 1952.0
1200.0 98.43 24600.0 0. 00208 3754.0 6247.0 36.71 3.116 5.193 2038.0
1300. 106.6 2 6700.0 0.00192 4 65. 6766.0 37.12 3.116 5.193 2122.0

1400.0 114.8 2870C.0 0.00179 4377.0 7286.0 37.51 3.116 5.193 2202.0
1500.0 123.0 30800.0 0.00167 4689.0 7805. 37.87 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



2.5 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY VtOH/OV)
p

VIOP/DU)

DECK G'CC
•• I tot

J/5 ATH-CC/J

• 2.15» 15.11
2.5 14.99 61.6 9.67
3.0 14.69 45.0 12.6
3.5 14.25 38.4 13.4
4.0 13.64 33.2 13.5
4.5 12.75 28.1 12.7
5.0 11.21 21.4 10.6
5.1 10.67 19.6 10.3
5.2 9.882 17.7 9.63
5.3 8.570 15.2 8.77

5.4 5.482 14.5 7.46
5.5 4.463 15.7 7.32
5.6 3.969 16.9 7.28
5.7 3.644 17.9 7.25
5.8 3.40 2 18.9 7.24
5.9 3.209 19.6 7.22
6.0 3.049 20.7 7.21
6.5 2.511 24.7 7.17
7.0 2.180 28.3 7.14
7.5 1.945 31.7 7.10

8.0 1.765 35.0 7.07
8.5 1.620 38.2 7.04
9.0 1.501 41.3 7.01
9.5 1.400 44.3 6.96

10.0 1.314 47.3 6.96
11.0 1.173 53.1 6.93
12.0 1.061 58.9 6.90
13.0 0.9593 64.5 6.87
14.0 0.8932 70.1 6.85
15.0 0.8287 75.7 6.83

16.0 0.7732 81.3 6.81
17.0 0.7251 86.7 6.79
ls.o 0.6828 92.2 6.78
19.

D

0.6453 97.6 6.76
20.0 0.6118 103.0 6.75
21.0 0.5817 108.0 6.74
22.0 0.5546 114.0 6.73
23.

D

0.5299 119.0 6.72
24.0 0.5073 124.0 6.72
25.0 0.4867 130.0 6.71

26.0 0.4677 135.0 6.70
28.0 0.4338 146.0 6.69
30.0 O.4046 156.0 6.68
32.0 0.3792 167.0 6.68
34.0 0.3568 177.0 6.67
36.0 0.3369 188.0 6.66
38.0 0.3191 196.0 6.66
40.0 0.3031 209.0 6.65

45.0 0.2694 235.0 6.64
50.0 0.2425 261.0 6.63
55.0 0.2205 287.0 6.63
60.0 0.2022 313.0 6.62
65.0 0.1867 339.0 6.62
70.0 0.1734 365.0 6.62
75.0 0.1619 391.0 6.61
80.0 0.1518 417.0 6.61
90.0 0.1350 469.0 6.61
100.0 0.1215 521.0 6.60

125. 0.09727 651.0 6.60
150.0 0.08109 781.0 6.59
175.0 0.06953 911.0 6.59
200.0 0.06086 1040.0 6.59
225.0 0.05411 1170.0 6.59
250.0 0.04871 1300.0 6.59
275.0 0.04429 1430.0 6.59
300.0 0.04060 1560.0 6.59
350.0 0.03481 1820.0 6.58
40 0.0 0.03046 2080.0 6.58

450.0 0.02706 2340.0 6.58
50 0.0 0.02437 2600.0 6.58
60 0.0 0.02031 3120.0 6.58
700.0 0.01741 3640.0 6.58
80 0.0 0.01524 4160.0 6.58
900.0 0.01355 4680.0 6.58
1000.0 0.01219 5190.0 6.58
110 0.0 0.01108 5710.0 6.58
120 0.0 0.01016 6230.0 6.58
1300.0 0.009379 6750.0 6.5S

140 0.0 0.008709 7270.0 6.58
1500.0 0.003128 7790.0 6.58

-VIOP/OVI (OV/DTI/V THERHAL VISCOSITY
1 P CONDUCTIVITY

ATM 1/DEG.K HW/CN-K G/CH-S
•• X 1000000

2.50
2.51

0.0 313
0.0500
0.0725
0.106
0.171
0.407
0.566
0.892
2.52

3.12
1.44
0.975
0.757
0.629
0.543
0.482
0.322
0.251
0.209

0.181
0.161
0.145
0.133
0.123
0.107
0.0951
G.0 85 8

0.0782
0.0720

0.0667
0.0 621
0.0 56 2

0.0546
C.0518
0.0491
C.0467
0.0445
0.0 42 5

0.040 7

0.0 39
. 36 1

0.0336
. 31

4

0.0295
0.0 27 9

. 26 4

0.0250

0.0222
0.0 20
0.0161
CO 16 6

0.015 3

0.0142
0.013 3

0.0125
0.0111
C . 10 3

0.00798
0.00665
0.00570
0.C0499
C. 00444
0.C0399
O.C0363
0.C5333
0.00285
0.00250

0.00222
0.00200
C. 00167
0.00143
0.00125
0.00111
0.00100
0.000909
0.000833
0.000769

0.000714
0.C00667

0.172
0.187
0.198
0.207
0.210
0.2C9
0.210
0.214
0.258

0.246
0.161
0.163
3.155
0.151
0.146
0.147
0.147
0.151
0.155

0.160
0.166
0.171
0.177
0.182
0.192
0.202
0.212
0.221
0.230

0.239
0.247
3.256
0.264
0.272
0.280
0.287
3.295
0.302
3.310

.358

.371

.364

.397

0.440
0.470
0.499
0.528
0.555
0.583
0.609
.636

0.687
0.7 37

1.18
1.28
1.37
1.46
1.55
1.72
1.89

18.5
18.9

85.3
91.7
98.0

111.0
125.0
139.0
152.0
164.0
176.

C

188.0
199.0
222.

264.0
284.0
322.0
359.0
394.0
426.0
462.0
494.0
525.0
556.0

THERHAL
DIFFUSIVITY

SQ-CM/S

0.030499
0.00043G
0.000342
u. 003 215
0.003177
3.000137
0.0000782

0.000C993
0.000179
0.000250
C. COO 31

4

0.000374
4. 000430
0.000464
0.003736
0.000572
3.00120

0.00143
0.00167
3.00194
3.00214
0.0C239
0.00289
0.00341
0.00355
3.00451
0.00510

0.00570
0.00633
0.03698
0.00764
0.008 33
0.00904
0.03976
o.01C5
0.0113
0.012

0.0128
0.0145
0.016 2

0.018
0.0199
0.0218
0.0238
0.0259

0.0313
0.0372
0.G435
0.0501
C.0572

0.0806
0.0960
0.117

0.170
3.233
C.298

3.68
-.75
5.68
6.69
7.76
8.9-j

13.1

.05644

.05529

.35363

.05126

.04790

.C42C1

.03997
13699

.03203

02042
.01660
01476

.01355

.01264

.01192

.01133

.03932

.03809

.53721

.03654

.00601
3557

.03519

.00487

.00435
0393
3359
4 331

.03307

53286
.03269
.00253
.33239
.33227
.03215
03205

.33196

.03188
3180

0173
.30161
.00150
.03143
.30132

0125
.0-118
.03112

.00130
;5i90

.30062
3075

.3 3069

.03064

.33363

.33036

.03330
3026

.33018

.33316
1315

Bj035
3 : 3 5

.33334

0.503
0.558
0.630
0.771
1.22
1.48

0.828
0.802
0.784
0.770
0.759
0.745
0.736
0.730
0.7 25
0.722

0.719
0.718
0.716
0.715
0.715
0.714
0.714
0.714
0.713
0.713

0.713
0.713
0.713
0.713
0.712
0.712
0.712
0.711

0.7 10

0.7C8
0.707
0.705
0.703
0.7C1
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
0.667
0.667
0.667
3.666
0.666
0.666
3.666
0.666

' THO-PHASE BOUNDARY
>• NUHBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

2.6 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K H/S

* 2.153 0.06610
2.5 0. 06663 56C.0 2.60 3.771 5.527 1.892 1.792 1.928 247.1
3.0 0.06797 1.82.0 3.51 4.729 6.520 2.259 1.886 2.245 241.2
3.5 0.07002 388.0 3.97 5.901 7.746 2.639 2.071 2.776 229.7
1>.0 0.07312 289.0 4.12 7.360 9.286 3.051 2.227 3.502 214.5
"..5 0.07809 166.0 3.94 9.252 11.31 3.526 2.413 4.739 192.2
5.0 0. 08828 79.1 3.33 12.05 14.38 4.167 2.677 8.199 156.7
5.1 0.09228 58.3 3. 11 12.88 15.31 4.351 2.751 10.08 147.1
5.2 0.098i>0 39.7 2.84 13.95 16.55 4.589 2.827 13.19 137.0
5.3 0.1D82 20.3 2.49 15.36 18.21 4.906 2.900 22.08 125.0

5.14 0.11)10 5.71. 1.80 18.55 22.26 5.662 3.172 64.28 108.6
5.5 0.1931. 11.9 1.26 21.83 26.92 6.518 3.278 31.23 107.3
5.6 0.2260 19.7 1. 06 23.42 29.38 6.960 3.272 19.92 110.3
5.7 0.2506 26.8 0.S49 24.52 31.12 7.269 3.255 15.46 113.5
5.8 . 27 1

3

33.2 0.869 25.39 32.54 7.515 3.237 13.09 116.6
5.9 0.2895 39.0 0.809 26. 14 33.77 7.726 3.221 11.62 119.4
6.0 0.3062 1)1). I> 0.760 26.81 34.88 7.912 3.207 10.61 122.0
6.5 0.3765 67.6 0.604 29.55 39.47 8.648 3.158 8.203 133.3
7.0 0.i>360 86.8 0.515 31.81 43.30 9.217 3.132 7.245 142.6
7.5 O.i>902 10*. 0.453 33.87 46.78 9.698 3.119 6.729 150.7

8.0 0.5i>13 120.0 0.408 35.80 5 0.06 10.12 3.112 6.408 158.0
8.5 0.5902 134. 0.37 2 37.66 53.21 10.50 3.109 6.191 164.7
9.0 0.6377 149.0 0.342 39.46 56.26 10.85 3.109 6.034 171.0
9.5 0.681)1 162.0 0.318 41.23 59.25 11.17 3.108 5.917 176.9

10.0 0.7295 175.0 0.297 42.96 62.18 11.48 3.109 5.825 182.5
11.0 0.8181 201.0 0.264 46.35 67.91 12.02 3.110 5.700 193.0
12.0 0.9050 225.0 0.238 49.69 73.53 12.51 3.113 5.613 202.8
13.0 0.9907 21.9.0 0.216 52.99 79.09 12.96 3.115 5.548 212.0
14.0 1.075 272.0 0.199 56.27 84.60 13.37 3.117 5.499 220.7
15.0 1.159 29 6.0 0.184 59.52 90.06 13.74 3.119 5.460 229.0

16. 1.21.3 318.0 0.171 62.76 95.51 14.09 3.120 5.426 236.8
17.0 1.326 341.0 0.160 65.99 100.9 14.42 3.121 5.398 244.4
18. 1.1)08 363.0 0.150 69.21 106.3 14.73 3.122 5.375 251.7
19.0 1.1)9 385.0 0.142 72.42 111.7 15.02 3.122 5.356 258.8
2C.0 1.571 407.0 0.134 75.62 117.0 15.29 3.122 5.339 265.6
21.0 1.653 429.0 0.126 78.81 122.3 15.55 3.123 5.325 272.2
22.0 1.73i> 451.0 0.121 81.99 127.7 15.80 3.123 5.313 278.7
23.0 1.815 472.0 0.116 65.17 133.0 16.04 3.123 5.303 285.0
24.0 1.895 494.0 0.111 88.34 138.3 16.26 3.123 5.294 291.2
25.0 1.976 515.0 0.106 51.51 143.6 16.46 3.123 5.285 297.2

26.0 2.056 536.0 0.102 94.67 148.8 16.69 3.123 5.278 303. O

28.0 2.217 579.0 0.0943 101.0 159.4 17.08 3.122 5.266 314.5
3D.0 2.377 621.0 0.0878 107.3 169.9 17.44 3.122 5.256 325.4
32.0 2.535 663.0 0.0822 113.6 180.4 17.78 3.122 5.248 336.0
3 It. 2.696 705.0 0.0773 119.9 190.9 18.10 3.122 5.242 346.3
36.0 2.855 747.0 0.0 7 29 126.2 201.4 18.40 3.121 5.236 356.2
38.0 3.011) 788.0 0. 0690 132.4 211.8 18.68 3.121 5.232 365.9
1.0.0 3.173 830.0 0. 0655 138.7 222.3 18.95 3.121 5.228 375.3

".5.0 3.570 934.0 0.0581 154.4 24S.4 19.56 3.120 5.220 397.8
50.0 3.966 1040.0 0.0522 170. 274.5 20.11 3.120 5.214 419.1
55.0 l).361 1140.0 0.0474 185.7 300.6 20.61 3.120 5.210 439.3
60.0 l>-757 1240.0 0.0434 201.3 326.6 21.06 3.119 5.207 458.6
65.0 5.152 1350.0 0. 0401 216.9 352.6 21.48 3.119 5.205 477.1
70.0 5.51.7 1450.0 0.0372 232.5 378.7 21.86 3.119 5.203 495.0
75.0 5.9i)2 1550.0 0.0347 248. 1 404.7 22.22 3.118 5.202 512.2
80. 6.337 1650.0 0.0325 263.7 430.7 22.56 3.118 5.200 528.8
90.0 7.126 1860.0 0.0289 294.9 482.7 23.17 3.118 5.199 560.6
100.0 7.915 2070.0 0.0260 326.1 534.7 23.72 3.118 5.197 590.6

125.0 9.887 2580.0 0. 0208 404. 1 664.6 24.88 3.117 5.195 659.8
150.0 11.86 3090.0 0.0173 482.0 794.4 25.83 3.117 5.195 722.4
175.0 13.83 3600.0 0. 0149 560. 924.3 26.63 3.117 5.194 780.0
200.0 15.80 4120.0 0.0130 637.9 1C54.C 27.32 3.117 5.194 833.6
225.0 17.77 4630.0 0.0116 715.8 1184.0 27.93 3.117 5.193 884.0
250.0 19.71) 5140.0 0.0104 793.7 1314.0 28.48 3.117 5.193 931.6
275.0 21.71 565C.0 0. 00945 871.6 1444.0 28.97 3.117 5.193 976.9
300.0 2 3.68 617C.0 0.00867 949.5 1573.0 29.43 3.116 5.193 1020.0
35 0.0 27.63 7190.0 0.00743 1105. 1833.0 30.23 3.116 5.193 1102.0
1>D0.0 31.57 8220.0 0.00650 1261.0 2093.0 30.92 3.116 5.193 1178.0

.5 0.0 35.51 9240.0 0. 00578 1417. 2352.0 31.53 3.116 5.193 1249.0
500.0 39.1)5 10300.0 0.00520 1573.0 2612.0 32.08 3.116 5.193 1316.0
600.0 l>7.3i) 12300.0 0.C0433 1884.0 3131.0 33.03 3.116 5.193 1442.0
7C0.0 55.22 14400.0 0. 00371 2196. 3651.0 33.83 3.116 5.193 1557.0
800.0 63.10 164OC.0 0. 00325 2507. 4170.0 34.52 3.116 5.193 1665.0
90C.0 70.99 16500.0 0.00289 2819. 4689.0 35.13 3.116 5.193 1766.0

1O0C.0 78.87 20500.0 0.00260 3131.0 5209.0 35.68 3.116 5.193 1861.0
1100.0 86.76 22600.0 0. 00236 3442.0 5728.0 36.17 3.116 5.193 1952.0
1200.0 91). 6i) 2 4600.0 0. 00217 3754. 6247.0 36.6 3 3.116 5.193 2038.0
1300.0 102.5 26700.0 0.00200 4065. 6766.0 37.04 3.116 5.193 2122.0

11)00.0 HO.". 28700.0 0. 00186 4377. 7286.0 37.43 3.116 5.193 2202.0
1500.0 118. 3 30800.0 0. 0O173 4689. 7805.0 37.78 3.116 5.193 2279.0

TWO-PHASE 80UNDARY
NUMBERS IN THIS COLUMN HAV£ BEEN MULTIPLIED BY THE INDICATED FACTOR



2.6 4TH0SPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

EMPERATURE DENSITY VCDH/OV)
P

V(OP/DUI -V (DP/DVI
T

(OV/OTI /V THERMAL VISCOSITY THERHAL OIELECTRIC PRANDTL
P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DECK G/CC
« X 10

J/G ATH-CC/J ATM 1/DEG.K. MH/CM-K G/CM-S
X 100COCG

SQ-CM/S

2.153 15.13
2.5 15.01 62.3 9.68 94.0 0.0 310 0.172 42.9 0.0..0595 1.05651 0.480
3.0 14.71 1.5. 1. 12.6 71.0 . 49 4 .188 42.1 0. 30„568 1.35539 0.5G3
3.5 li(.2S 38.8 13.4 55.5 G.G715 0.199 39.9 0.000501 1.05373 0.557
4.0 13.69 33.6 13.5 39.5 0.104 J.2C7 37.2 3.CG0433 1.05142 0.626
4.5 12.81 28.6 12.8 23.8 0.166 0.211 33.9 0.00,347 1.C4813 0.762
5.0 11.33 22.1 11.0 8.96 0.371 0.210 29.7 0.GGC226 1.04247 1.16
5.1 10.8I( 20.1. 10.4 5.32 0.493 3.210 28.6 ,.000192 1.0-061 1.37
5.2 10.16 18.7 9.88 4.04 0.7 U4 0.211 27.1 0.000157 1.03805 1.70
5.3 9.2i(l( 16.6 9.27 1.87 1.33 0.224 25.4 O.OGjllO 1.03458 2.51

5.1. 7.091. 11.. 6 7.99 0.407 4.41 0.311 22.1 CG0CC681 1.02647 4.56
5.5 5.172 15.2 7.46 0.617 2.05 0.209 19.8 0.000129 1. 31926 2.96
5.6 <(.*25 16.3 7.36 0.873 1.22 0.175 19.2 0. CO 0199 l.wl646 2.18
5.7 3.990 17.1. 7.31 1.07 0.888 0.162 18.9 O.OC0263 1.C1484 1.90
5.8 3.686 18.1. 7.29 1.22 0.711 0.156 18.8 0.000323 1.31370 1.59
5.9 3.1(5* 19.1. 7.27 1.35 0.630 0.152 18.7 CO 38 1.01283 1.43
6.0 3.266 20.3 7.25 1.45 0.524 0.150 18.7 0.000434 1.31213 1.32
6.5 2.656 24.4 7.20 1.79 0.337 0.149 19.1 0.000682 1.03986 1.06
7.0 2.29i( 29.0 7.16 1 .99 0.258 0.152 19.7 0.000913 1.03851 0.941
7.5 2.0*0 31.5 7.12 2.12 0.214 0.156 20.4 0.00114 1.00757 0.877

9.0 1.81(8 34. B 7.09 2.21 0.184 0.161 21.1 C03136 1.00695 0.837
8.5 1.691. 37.9 7.06 2.28 0.163 0.166 21.8 0.00159 1.00628 0.809
9.0 1.558 i(l.l 7.03 2.33 0.147 0.172 22.5 o.ooiez 1.03582 0.790
9.5 1.1.62 44.1 7.00 2.37 0.134 0.177 23.2 C002C5 1.33542 0.775

10.0 1.371 1.7.1 6.98 2.40 0.124 0.182 23.9 0.00228 1.03508 0.763
11.0 1.222 53.0 6.94 2.45 0.108 0.193 25.3 0.C0276 1.G3453 0.748
12.0 1.105 59.7 6.91 2.49 CO 95 6 0.21)3 26.6 0.00327 1.00410 0.739
13.0 1.009 61.. i. 6.88 2.51 0.0861 0.212 28.0 0.0L379 1.G3374 0.732
14.0 0.9298 70.1 6.36 2.53 1.0785 0.221 29.3 0.0C433 1.03345 0.7 27
1S.0 0.6625 75.6 6.84 2.55 0.0722 0.230 30.5 0.00489 1.03320 0.7 24

16.0 0.801.6 91.2 6.82 2.56 0.0668 0.239 31.8 0.00548 1.03298 0.721
17.0 0.751.1. 86.7 6.80 2.57 0.0 62 3 0.248 33.0 0.00608 1.C3280 0.719
18.0 0.7103 92.2 6.79 2.58 0.0583 0.256 34.2 0.00671 1.00263 0.717
19.0 0.6712 97.5 6.77 2.59 0.0549 0.264 35.3 C. 00735 1.C3249 0.716
20.0 0.6361. 103.0 6.76 2.59 0.0518 0.272 36.5 0.009C1 1.03236 0.715
21.0 0.6051 109.0 6.75 2.60 0.0491 0.280 37.6 3.00869 1.03224 0.715
22.0 0.5768 11".. 6.74 2.60 . 46 7 0.288 38.7 0.00936 1.00214 0.714
23.0 0.5511 119.0 6.73 2.60 . 44 5 0.295 39.7 0.0111 1.C3204 0.714
24.0 0.5276 121.. 6.72 2.60 . 42 5 0.303 40.8 0.0108 1.00195 0.714
25.0 0.5361 130.0 6.72 2.61 0.0407 0.310 41.8 0.0116 1.00187 0.714

26.0 0.1.863 135.0 6.71 2.61 . 39

1

0.317 42.9 0.0124 1.00180 0.714
28.0 0.1.511 146.0 6.70 2.61 0.0 361 0.331 44.9 3.0139 1.00167 0.713
30.0 0.1.208 156. G 6.69 2.61 0.0 33 6 0.345 46.8 0.0156 1.03156 0.713
32.0 0.391.3 167.0 6.68 2.61 0.0 315 .358 48.7 0.0173 1.03146 0.713
3<>.0 0.3709 177.0 6.67 2.61 0.0295 0.372 50.5 0.0191 1.00137 0.713
36.0 0.3503 199.0 6.67 2.62 0.0 27 9 0.385 52.3 0.0210 1.00130 0.712
38.0 0.3318 199. D 6.66 2.62 0.0264 0.397 54.1 0.0229 1.00123 0.712
1.0.0 0.3152 209.0 6.66 2.62 0.0 25 0.410 55.8 C.024S 1.00117 0.711

1(5.0 0.2801 235.0 6.64 2.62 0.0 22 2 0.441 59.9 0.0331 1.00104 0.710
50.0 0.2522 261.0 6.64 2.62 0.0200 0.470 63.9 0.0358 1.00093 G.708
55.0 0.2293 287.0 6.63 2.61 0.0181 0.499 67.7 0.0418 1.C0085 0.7G7
60. 0.2102 313.0 6.63 2.61 0.0 16 6 0.528 71.4 0.0482 1.00078 0.705
65.0 0.191.1 339.0 6.62 2.61 . 15 3 0.556 75.0 U.055C 1.00072 0.7C3
70.0 0.1803 365.0 6.62 2.61 0.014 2 0.5 83 78.5 0.0621 1.C3C67 0.701
75.0 0.1693 391.0 6.61 2.61 0.0133 0.610 81.9 0.0696 1.00062 0.699
80.0 0.1579 417.0 6.61 2.61 0.0125 .636 85.3 0.0775 1.C0058 0.697
90.0 0.11.03 469.0 6.61 2.61 J. 0111 0.687 91.7 0.0942 1.GOC52 0.694

100.0 0.1263 521.0 6.60 2.61 0.0100 0.737 98.0 0.112 1.00347 0.691

125.0 0.1011 651.0 6.60 2 .61 0.00798 3.857 111.0 G.163 1.00037 0.673
150.0 0.091.33 791.0 6.59 2.61 0.00665 0.970 125.0 0.222 1.03031 0.670
175.0 0.07231 911.0 6.59 2.61 0.00570 1.08 139.0 0.287 1.00027 0.668
200.0 0.06329 1040.0 6.59 2.61 0.00499 1.18 152.0 0.359 1.03023 0.667
225.0 0.05627 1170.0 6.59 2.60 0.00444 1.28 164.0 0.438 1.00021 0.666
250.0 0.05065 1300.0 6.59 2.60 0.00399 1.37 176.0 0.522 1.03019 0.666
275.0 0.01.605 1430.0 6.59 2.60 0.00363 1.46 188.0 0.611 1.00317 0.667
300.0 0.01.222 1560.0 6.59 2.60 0.00333 1.55 199.0 0.7C6 1.00016 0.669
350.0 0.03620 1820.0 6.58 2.60 0.00285 1.72 222.0 0.916 1.00013 0.668
1)0 0.0 0.03168 2080.0 6.58 2.60 .00250 1.89 243.0 1.15 1.00012 C.668

".50.0 0.02816 2340.0 6.58 2.60 0.00222 2.05 264.0 1.40 1.30010 0.668
500.0 0.02535 2600.0 6.56 2.60 0.00200 2.21 284.0 1.68 1.00309 0.667
600.0 0.02113 3120.0 6.58 2.60 0.00167 2.51 322.0 2.29 1.03008 0.667
700.0 0.01811 3640.0 6.58 2.60 0.00143 2.80 359.0 2.97 1.03007 0.667
800.0 0.01565 4160.0 6.58 2.60 0.00125 3.07 394.0 3.73 1.00006 C667
900.0 0.011.09 4680.0 6.58 2.60 .00111 3.34 428.0 4.56 1.30005 0.666
1000.0 0.01268 5200.0 6.58 2.60 0.00100 3.60 462.0 5.46 1.0GC05 0.666
1100.0 0.01153 5710.0 6.58 2.60 0.000909 3.85 494.0 6.43 1.0UG04 0.666
1200.0 0.01057 6230.0 6.58 2.60 0.000833 4.10 525.0 7.46 1.C0004 0.666
130 0.0 0.009751. 6750.0 6.58 2.60 0.000769 4.34 556.0 8.56 1.00004 0.666

11(00.0 0.009057 7270.0 6.58 2.60 0.000714 4.57 586.0 9.72 1.03003 G.666
150 0.0 0.008454 7790.0 6.59 2.60 0.000667 4.80 615.0 10.9 1.03003 0.666

HAVE BEEN HULTIPLIEO BY THE INOICATED FACTOR



2.8 ATMOSPHERE ISOBAR
THERMODYNAMIC PROPERTIES OF HELIUM

TEMPERATURE VOLUME ISOTHERM
CC/G DERIVATIVE

OEG. K •• X .01 CC-ATM/G

» 2.150 0.06591.
2.5 0.0661.6 570.0
3.0 0.06777 493.0
3.5 0.06977 399.0
4.0 0.07276 300.0
4.5 0.0771.8 198.0
5.0 0.08665 93.4
5.1 0.08995 73.4
5.2 0.091.52 56.
5.3 0.1035 37.6

5.". 0.1109 20.0
5.5 0.1366 9.12
5.6 0.1750 12.6
5.7 0.2050 19.0
5.8 0.2287 25.5
5.9 0.21.86 31.7
6.0 0.2663 37.5
6.5 0.3373 62.1
7.0 0.3952 82.3
7.5 0.1.1.72 100.0

e.o 0.1.958 116.0
8.5 0.51.21 131.0
9.0 0-5865 146.0
9.5 0.6305 160.0

10.0 0.6732 173.0
11.0 0.7562 199.0
12.0 0.8375 224.0
13.0 0.9175 248.0
11.. 0.997 271.0
15.0 1.075 295.0

16.0 1.153 318.0
17.0 1.230 340.0
18.0 1.307 363.0
19.0 1.383 385.0
20.0 1.1.5 9 407.0
21.0 1.531. 429.0
22.0 1.610 451.0
23.0 1.685 472.0
2<t.O 1.760 494.0
25.0 1.835 515.0

26.0 1.910 537.0
28.0 2.059 579.0
30.0 2.203 621.0
32.0 2.356 663.0
34.0 2.501. 705.0
36.0 2.65 2 747.0
38.0 2.800 789.0
ito.

a

2.9i)d 831.0

l>5.0 3.316 935.0
50.0 3.680 1040.0
55.0 4.052 1140.0
60.0 "..1)19 1240.0
65.0 4.786 1350.0
70.0 5.153 1450.0
75.0 5.519 1550.0
80.0 5.886 1660.0
90.0 6.619 1860.0
100.0 7.352 2070.0

125.0 9.183 2580.0
15 0.0 11.01 3090.0
175.0 12. Si. 36 0.0
200.0 11.. 67 4120.0
225.0 16.50 4630.0
250.0 18.33 5140.0
275.0 20.16 5650.0
300.0 21.99 6170.0
35 0.0 25.66 719C.0
1.00.0 29.32 8220.0

1)5 0.0 32.98 9240.0
500.0 36.61) 1C300.0
600.0 43.96 12300.0
700.0 51.28 14400.0
800.0 58.60 16400.0
900.0 65.92 18500.0

1000.0 73.24 2 0500.0
1100.0 80.56 22600.0
1200.0 87.88 2460C.O
1300.0 95.20 2670C.O

1400.0 102.5 28700.0
1500.0 109.8 30800.0

ISOCHORE INTERNAL
DERIVATIVE ENERGY

JTM/K J/G

2.60 3.760
3.51 4.7C9
3.99 5.869
4.16 7.307
4.00 9.157
3.43 11.62
3.25 12.56
3.02 13.46
2.77 14.49

2.42 15.94
1.87 18.54
1.42 21.27
1. 19 22.97
1. 05 24.16
0.957 25.11
0.887 25.91
0.682 28.96
0.572 31.36
0.500 33.49

0.448 35.47
0.407 37.36
0.374 39.19
0.347 40.98
0. 323 42.73
0.287 46. 15

0.258 49.50
0.235 52.82
0.215 56. 11
0.199 59.37

0.185 62.63
0.173 65.87
0.163 69.0 =

0. 153 72- 31
0.145 75.51
0.138 78.71
.131
.125

. 110 94, . 59

.102 100 ,9

,0947 107 ,2

,0886 113,,5
0..0833 119.,8
.0785 126,,1

0,,0743 132,,4
0,.0705 138,,7

0,,0626 154,,3
0,,0562 170,,0
0,.0511 185,,6
0.,0468 201,,3
0..0432 216,,9
0..0401 232. 5

0,,0374 248,,1
0,,0350 263,,7
0..0311 294,,9
0.,0260 326. 1

0.,0224 404,,1
0,,0187 482, ,

0.,0160 560..0
,0140 637,.9

0,,0124 715,.8
,0112 793,,7
, 0102 871, 6
, 00933 949,,5
.00800 1105.

0,.00700 1261,.0

0..00622 1417, ,

0. . 0OE6O 1573, .

,00467 1884..0
0.,00400 2196,.0
0,,0035 2508,.0
0,.00311 2819.,0
0, . 00280 3131,.0
0..00255 3442.
0, . 00233 3754,,0
0,,00215 4065.

0,,00200 4377.,0
0. 00187 4669,.0

5.646
6.632
7.848
9.371

11.36
14.27
15.11
16.14
17.34

19.09
22.41
26.24
28.79
30.65
32.16
33.46
36.53
42.57
46.18

49.54
52.74
55.84
58.87
61.83
67.60
7 3.26
78.85
84.38
89.87

95.33
100.8
106.2
111.5
116.9
122.2
127.6
132.9
138.2
143.5

148.6
159.3
169.9
180.4
190.9
201.4
211.8
222.3

248.4
274.5
300.6
32 6.6
352.7
378.7
404.7
430.7

794.5
924.3

1054.0
1184.0
1314.0
1444.
1574.0
1833.0
2 09 3.0

2 35 2.0
2612.0
3131.0
3651.0
4170.0
4689.0
5209.0
5728.0
6247.0
6766.0

ENTROPY

J/G-K

1.886
2.250
2.628
3.036
3.502
4.111
4.276
4.474
4.702

5.028
5.636
6.326
6.779
7.103
7.361
7.580
8.394
6.993
9.490

9.924
10.31
10.67
10.99
11.30
11.85
12.34
12.79
13.20
13.58

13.93
14.26
14.57
14.86
15.14
15.40
15.64
15.86
16.11
16.32

16.53
16.92
17.28
17.62
17.94
16.24
18.52
18.79

19.41
19.96
20.45
20.91
21.33
21-71
22.07
22.41
23.02
23.57

24.73
25.67
26.47
27.17
27.78
28.33
28.82
29.27
30.07
30.77

31.38
31.92
32.87
33.67
34.37
34.98
35.52
36.02
36.47
36.89

VELOCITY
OF SOUND

1.782
1.883
2.067
2.222
2.405
2.657
2.722
2.781
2.815

2.916
3.125
3.241
3.251
3.242
3.229
3.215
3.163
3.135
3.120

3.112
3.109
3.107
3.107
3.108
3.110
3.113
3.115
3.117
3.119

3.121
3.121
3.122
3.123
3.123
3.123
3.123
3.123
3.123
3.123

3.123
3.123
3.123
3.122
3.122
3.122
3.122
3.121

3.121
3.120
3.120
3.119
3.119
3.119
3.119
3.118
3.118
3.118

3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.116
3.116

3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116
3.116

1,,915 249,,0
2,,233 243,,3
2,,755 232,,2
3, 457 217..5
4,,614 196.,1
7,,458 163 ,0

8,,737 154,,5
10,.48 146,,2
13,.85 137,,0

22,,54 125,,2
43,,09 112,,9
30,,89 110,,3
21,,25 112,,2
16,,54 114,,9
13,,91 117,,7
12,,25 120 ,4

8,,771 132,,0
7,,547 141,.6
6,,923 150,,0

6.,546 157,,1)

6, 296 164.,2
6,,117 170,,6
5,,985 176.,6
5,,882 182.,2
5.,743 192..9

5,.648 202,.7
5,,577 212,,0
5,,524 220.,7
5,,481 229.,1

5,,444 237,,0
5,,414 244,,6
5,,389 251,.9
5,,368 258,,9
5,,351 265,.8
5,,336 272,.5
5.,323 278..9

5,.311 285 ,2

5,,301 291.,4
5,,293 297.,4

5,.285 303 ,3

5,.272 314,,7
5,,261 325.,7
5.,253 336.,3
5,,246 346.,5

5,,240 356.,5
5. 235 366.,1
5..230 375..5

S,,222 398,,0
5,,216 419,,3
5.,212 439,,5
5,,208 458.,8
5,,206 477.,3
5. 204 495,,2
5,,202 512,,4
5, 201 529..0
5.,199 56 0,.a

5.,198 590,.8

5, 196 660,,0
5.,195 722,,6
5. 194 760.,1
5. 194 833,,7
5. 193 884,,1
5,,193 931.,7
5. 193 977.,0
5,.193 1020.,0
5, 193 1102,
5,.193 1178,,0

5,.193 1249,,0

5,,193 1316,,0
5. 193 1442.,0
5. 193 1557.
5, 193 1665,.0
5. 193 1766,
5. 193 1861,.0
5. 193 1952.
5. 193 2039,
5. 193 2122.

5. 193 2202.
5. 193 2279.

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN IULTIPLIEC BY THE INOICATED FACTOR



2.8 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM -

TEMPERATURE DENSITY

15.16
15.05

VIOH/OV)
P

J/G

VCOP/OU)

ATM-CC/J

5.1.

5.5
5.6
5.7
5.

a

9.0
8.5

19.0
20.0
21.0
22.0
23.0
24.0
25.0

26.0
28.0
30.0
32.0
3l>.0

36.0

70.0
75.0

100.0

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
400.0

1.5 0.0
500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
1200.0
1300.0

140 0.0
1500.0

Ik. 76
14.33
13.74
12.91
11.54
11.12
10.59
9.95

9.019
7.321
5.715
4.876
4.373
4.022
3.755
2.955
2.530
2.236

2.017
1.845
1.704
1.586
1.495
1.322
1.194
1.030
1.0D3
0.9303

0.8675
0.8131
0.7654
0.7231
0.6855
0.6517 108.

114.
119.
124.
130.

5236 135
4657 146 9

4530 156
4244 167
3993 177
3770 189
3571 198
3393 209

3016 235
2714 261
2468 287
2263 313
2089 340
1941 366 a

1912 392
1599 418
1511 470
1360 522

1099 651
09080 781 a

07786 911
06815 1040

11 .06059 1170
.05454 1300
.04959 1430
04547 1560
.03898 1920
.03411 2090 3

.03033 2340
02730 2600
.02275 3120

a .01950 3640
.01707 4160

a .01517 4690
.01365 5200
.01241 5710
.01138 6230
.01050 6750

.009754 7270

.009104 7790

7.06
7.03

-VlOP/OVl:^ (DV/DD/V

. 30 3

. 48 3

0.0697
0.101
C.156
0.318
0.398
0.511
0.7 39

25.5
10.8
8.16

.667

.720

.927

TKEPMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CM-S SO-CM/S
" X 1000000

.173

.189

.200

1.34

0.941
0.75i,
0.630
0.370
0.275
0.224

0.191
0.168
0.150
0.137
0.126
0.109
0.0966

. C 86 9

0.0791
0.0726

0.0672
. 62 5

0.G585
0.0 55
C.C52

. 49 2

0.0468
0.0446
0.0426
0.0438

. 39

1

CO 362
0.0336
0.0315
0.0 29 6

0.0 27 9

. 26 4

. 25

0.0222
0.0203
0.0181
0.0166
0.015 3

0.0142
0.013 3

0.012 5

0.0111
0.010 3

0.00798
0.03665
0.00570
0.00499
0.00444
0.00399
0.00363
0.00333
0.00285
0.00250

0.00222
0.00200
0.00167
0.C0143
0.00125
0.00111
0.0010C
0.000903
0.000833
0.000769

.213

.211

.211

.210

.212

.225

.263

.215

.184

.170

.162

.158

.152

.183

.194

.203

.213

.222

.231

0.240
0.248
0.257
0.265
3.273
3.281
0.288
0.296
0.303
3.310

3.319
3.332
3.345
0.3 59
0.372
0.385
0.398
3.410

0.5CO
0.528
0.556
3.583
9.610
0.636
0.69a
0.738

0.857
3.971
1.09
1.18
1.28
1.37

34.4
30.4

98.0

111.0
125.3
139.0
152.9
164. C

176.0
188.0
199.0
222.0
24 3.0

322.0
359.0
394.0

586.0
615.0

0046CC 1 05665
009572 1 35554
0005C6 1 05393

3 003439 1 05168
D .000357 1 0*848
090246 1 04328
009217 1 04167
030169 1 03963
000154 1 03726

OGC110 1 03373
9 0G3U25 1 02733

GG3122 1 02129
039 17a 1 91916
0G0235 1 01627
00G293 1 G1496
000343 1 01396

4 0CC585 1 011J1
G 0GG8C7 1 G0939

00112 1 03933

o 00123 1 33748
3 0ul45 1 33684

00166 1 03632
00188 1 03588
GG21C 1 G3551
00255 1 33493
00312 1 03443
0035G 1 93404

.00453

.00508

.03564

.00622

.09682

.00744

.00807

.G0872

.00938

.0101

.0138

.0161

.0178

.0195

.0213

.0231

.9284

.0333

.0389

9.9720
0.0875
0.104

9.152
j. 206
U.267

.485

.568

.656

.851

1.

j321
3 301

1.33294
1.03269
1.03254
1.03241
1.C3233
1. 3 22
1.00210
1.C32G2

1.03194
1.33193
1.03169
1.03157
1.03148
1.03149
1.93132
1.33126

1.33112
1.00101
1.33091
1.03084
1.03377
1.03372
1.33067
1.93963
1.93356
1.90050

1.09049
1.33G34
1.03929
1.33025
1.30022
1.00020
1.03018
1.93317
1.90014
1.03013

1.03011
1.93010
1.30008
1.03097
1.0 j 106

9.92
10.2

1.03036
1.00335
1.90005
1.03094
1.99934

1.93034
1.39L93

9.489
0.594
0.557
0.623
0.747
1.07
1.22

2.53
3.75
2.98

0.856
0.824
0.8G1
0.785
C.772
9.755
0.744
0.736
0.739
9.727

0.723
G.721
9.719
9.718
0.717
0.716
0.716
0.715
0.715
0.715

0.714
0.714
0.714
0.713
0.713
0.713
0.712
0.712

0.713
0.709
0.707
0.705
0.7C3
0.701
3.699
0.697
9.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
9.668
0.668

0.668
0.667
0.667
0.667
0.667
0.666
0.666
0.666
9.666
9.666

9.666
9.666

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

3.0 ATHOSPHERE ISOBAR

EMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.11.8 0.06580
2.5 0.06630 580.0 2.59 3.750 5.765 1.880 1.773 1.902 251.0
3.0 0.06758 503.0 3.52 4.690 6.744 2.242 1.880 2.222 245.4
3.5 0.06952 1.10.0 4. 01 5.837 7.951 2.617 2.064 2.735 234.6
4.0 0. 0721.1 311.0 4.19 7.256 9.458 3.020 2.217 3.415 220.4
4.5 0.07692 210.0 4.05 9. 069 11.41 3.478 2.397 4.503 199.9
5.0 0.08528 107.0 3.53 11.61 14.21 4.063 2.639 6.925 168.8
5.1 0.08811 87.7 3.37 12.30 14.98 4.214 2.699 7.879 161.1
5.2 0.09180 71.0 3.17 13.10 15.89 4.389 2.748 9.037 153.8
5.3 0.09619 53.3 2.96 13.95 16.88 4.577 2.765 10.93 146.1

5.". 0.1025 36.0 2.70 15.02 18.13 4.812 2.827 14.50 136.7
5.5 0.1133 20.7 2.36 16.48 19.93 5.140 2.929 22.18 126.1
5.6 0.131.7 12.5 1.91 18.70 22.80 5.658 3.098 33.24 116.5
5.7 0.1638 lit.

6

1.53 20.98 25.96 6.218 3.204 27.96 113.8
5.8 0.1897 19.7 1.30 22.64 28.41 6.643 3.227 21.28 114.7
5.9 0.2115 25.1. 1.15 23.88 30.30 6.968 3.225 17.06 116.8
6.0 0.2301. 31.2 1. 04 24.87 31.87 7.231 3.217 14.45 119.2
6.5 0.3029 56.7 0.768 28.33 37.54 8.141 3.168 9.441 130.9
7.0 0.3597 77.8 0.634 30.88 41.82 8.776 3.137 7.885 140.7
7.5 0.1.098 96.2 0.550 33.10 45.55 9.292 3.121 7.133 149.2

8.0 0.1.563 113.0 0.489 35.13 49.00 9.737 3.112 6.693 156.8
8.5 0.5001. 129.0 0.443 37.06 52.27 10.13 3.108 6.405 163.8
9.0 0.51.28 11.3.0 0.406 38.92 55.42 10.49 3.107 6.203 170.2
9.5 0.58 4 157.0 0.376 40.73 58.48 10.82 3.107 6. 055 176.3
10.0 0.621.1. 171.0 0.350 42.50 61.48 11.13 3.108 5.941 182-0
11.0 0.7025 197.0 0.310 45.94 67.30 11.69 3.109 5.787 192.8
12.0 0.7789 222.0 0.278 49.32 73.00 12.18 3.112 5.683 202.7
13.0 0.851.1 21.6.0 0.253 52.65 76.61 12.63 3.115 5.607 212.0
11.. 0.9283 270.0 0.232 55.95 84.17 13.05 3.117 5.549 220.8
15.0 1.002 291.. 0.214 59.22 89.67 13.43 3.119 5.503 229.2

16.0 1.075 317.0 0.199 62.49 95.16 13.78 3.121 5.463 237.1
17.0 1.11.7 31.0.0 0.166 65.74 100.6 14.11 3.122 5.430 244.7
18.0 1.219 362.0 0.175 68.97 106.0 14.42 3.123 5.403 252.1
19.0 1.290 385.0 0. 165 72.19 111.4 14.71 3.123 5.3S1 259.1
20.0 1.361 "107.0 0.156 75.40 116.8 14.99 3.123 5.362 266.0
21.0 1.1.32 it29.0 0.148 78.61 122.1 15.25 3.124 5.346 272.7
22.0 1.503 451.0 0.141 81.80 127.5 15.50 3.124 5.332 279.1
23.0 1.573 1.72.0 0.134 84.99 132.8 15.73 3.124 5.320 285.5
21.. 1.61.3 1.91.. 0. 128 88.17 138.1 15.96 3.124 5.309 291.6
25.0 1.713 515.0 0.123 91.34 143.4 16.18 3.124 5.300 297.6

26.0 1.783 537.0 0. 118 94.52 146.7 16.38 3.124 5.291 303.5
28.0 1.922 579.0 0.109 100.8 159.3 16.77 3.123 5.277 314.9
30.0 2.061 622.0 0.102 107.2 169.8 17.14 3.123 5.266 325.9
32.0 2.200 661.. 0. 0950 113.5 180.3 17.48 3.123 5.257 336.5
31.. 2.338 706.0 0. 0893 119.8 190.9 17.80 3.123 5.249 346.8
36.0 2.1.77 71.8.0 0.0842 126.1 201.3 16.10 3.122 5.243 356.7
38.0 2.615 790.0 0.0797 132. 3 211.8 18.38 3.122 5.237 366.4
1.0.0 2.75 2 831.0 0.0756 138.6 222.3 18.65 3.122 5.233 375.8

1.5.0 3.097 935.0 0. 0671 154. 3 248.4 19.26 3.121 5-224 398.3
50.0 3.1*1.0 101.0.0 0.0603 170.0 274.5 19.81 3.121 5.218 419.5
55.0 3.783 111.0.0 0. 0547 185.6 300.6 20.31 3.120 5.213 439.7
60.0 4.126 1250.0 0. 0501 201.2 326.7 20.76 3.120 5.209 459.0
65.0 4.469 1350.0 0. 0463 216.9 352.7 21.18 3.119 5.207 477.6
70.0 4.811 11.50.0 0. 0429 232.5 37 8.7 21.57 3.119 5.205 495.4
75.0 5.153 1550.0 0. 04C1 248.1 404.8 21.93 3.119 5.203 512.6
80.0 5.1.9 5 166G.0 0. 0376 263.7 430.8 22.26 3.119 5.202 529.2
90.0 6.180 1860.0 0.0334 294.9 482.8 22.87 3.116 5. 199 560.9
100.0 6.863 2070.0 0.0300 3 26.1 534.8 23.42 3.118 5.196 591.0

125.0 8.573 25 8 0.0 0. 0240 404. 1 664. 7 24.56 3.119 5.196 660.1
15 0.0 10.28 3090.0 0.0200 482. 794.6 25.53 3.117 5.195 722.7
175.0 11.99 3610.0 0.0171 560.0 924.4 26.33 3.117 5.194 780.3
200.0 13.70 1.120.0 0. 0150 637.9 1054.0 27.0 2 3.117 5.194 833.8
225.0 15.1.1 1.6 3 0.0 0.0133 715.8 1184.

C

27.63 3.117 5.194 e84.2
250.0 17.11 5140.0 0.0120 793.7 1314.0 28.18 3.117 5.193 931.8
275.0 18.82 5660.0 0.0109 871.6 1444.0 28.68 3.117 5.193 977.1
300.0 20.53 6170.0 0.0100 949.5 1574.0 29.13 3.117 5.193 1020.

C

350.0 23.95 719C.0 0.00857 1105. 1633.

C

29.93 3.116 5.193 1102.0
1.00.0 27.36 8220.0 0. 00750 1261. 2093.0 30.62 3.116 5.193 1178.0

1.5 0.0 30.78 921.0.0 0.00667 1417.0 2353.0 31.23 3.116 5.193 1249.0
500.0 3 It. 20 10300.0 0.00600 1573.0 2612.0 31.78 3.116 5. 193 1317.0
600.0 lil. 03 12300.0 O.C0500 1864. 3131.0 32.73 3.116 5.193 1442.0
700.0 1.7.8b 11*1.00.0 0.00429 2196. 365 l.C 33.53 3.116 5.193 1557.0
800.0 51.. 69 16400.0 0.00375 2508.0 417 0.0 34.22 3.116 5.193 1665.0
900.0 61.53 18500.0 0.00333 2819.0 4689.0 34.83 3.116 5. 193 1766.

C

1000.0 68.36 20500.0 0.00300 3131. 5209.0 35.38 3.116 5.193 1861.0
110C.0 75.19 22600.0 0.0C273 3442. 5728.

C

35.88 3.116 5.193 1952.0
1200.0 82.02 24600.0 0.00250 3754. 6247.0 36.33 3.116 5.193 2039.0
1300.0 88.86 26700.0 0.00231 4 65.0 6767.

n

36.74 3.116 5.193 2122.0

11.00.0 95.69 28700.0 0.00214 4377. 7286.0 37.13 3.116 5.193 2202.0
1500.0 102.5 30800.0 0.00200 4689.0 7805. 37.49 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAl/E 8EEN MULTIPLIED BY THE INDICATED FACTOR



3.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

ENSITY KDH/OVI
P

VIOP/OU) -V (OP/OV) IOV/DT] /V
T P

G/CC J/O ATH-CC/J ATH 1/OEG.K
• X 10

THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MW/CM-K O/CM-S SQ-CH/S
•• X 1000000

.'.I-.' 15.20

3.5 14.38 40.2
4.0 13.81 35. C

t>.5 13.03 30.4
5.0 11.73 24.6
5.1 11.35 23.3
5.2 10.89 22.0
5.3 10.40 20.5

5 .It 9.753 18.8
5.5 8.827 17.2
5.6 7.423 16.1
5.7 6.134 16.3
5.8 5.272 17.

C

5.9 4.728 17.9
6.0 4.340 18.

B

6.5 3.302 23.0
7.0 2.780 26.9
7.5 2.440 30.4

8.0 2.192 33.8
8.5 1.999 37.1
9.0 1.842 40.3
9.5 1.712 43.4

13.0 1.632 46.5
11.0 1.423 52.4
12.0 1.284 58.2
13.0 1.171 64.0
14.0 1.077 69.7
15.0 0.998 75.3

16.0 0.9305 80.9
17.0 0.8719 86.5
1S.0 0.8205 92.0
19.0 0.7751 97.5
20.0 0.7346 103.0
21.0 0.6983 108.3
22.0 0.6655 114.0
23.0 0.6358 119.0
24.0 0.6G86 124.
25.0 0.5837 130.0

26.0 0.5809 135.0
28.0 0.5202 146.
30.0 0.4851 156.0
32.0 0.4545 167.0
34.0 0.42 7 6 178.3
36.0 0.4338 188.0
38.0 0.3325 199.0
40.0 0.3633 209.0

45.0 0.3229 235.0
50.0 0.2907 261.3
55.0 0.2543 288.0
60.3 0.2424 314.0
65.0 0.2238 340.0
70.0 0.2079 366.0
75.0 0.1941 392.0
80.0 0.1323 418.0

125.3
150.0
175.0
200.0
225.0
250.0
275.0
300.0
353.0
403.0

60
700
80

90

100 3

1100
120

130

140

150 3

0.1457

0.1167
0.09726
0.06341
0.07300
3.06491
0.05843
0.05313
0.1,4871
0.04176
0.03655

0.33249
0.02924
0.02437
0.02089
0.01828
0.01625
0.01463
0.01330
0.01219
0.01125

0.01045
0.G09754

652.0
782.0
911.0
1040.3
1170.0
1300.
1430.0
1560.

C

1820.0
2080.0

2340.0
2600.0
3120.0
3640.0
4160.0
4680.0
5200.0
5710.0
6230.0
6750.0

6.58
6.58

3 .927
.894

2.64
2.70

3.01
3.01

3.01
3.02
3.02

3.01
3.01
3.G1

3.00
3.00
3.00

0.0296
. 47 3

0.068O
0.0974
0.148
0.281
0.338
0.410
0.534

0.770
1.29

0.293
0.234

0.198
0.173
0.154
0.139
0.128
0.110
0.0976
0.0 87 6
0.0796
0.0731

0.0 67 5

0.0628
0.0587
0.0 55 2

0.C521
0.0 49 4

0.0 46 9

0.0 44 7

. 42 7

0.0 40 8

. 39 2

. 36 2

0.0337
0.0315
0.0 29 6
0.0 27 9

0.0264
0.0 25

0.0222
0.0203
0.0181
.0166
3153

0.0142
0.0133

. O 12 5

0.0111
. 10

0.00797
0.00665
0.00573
0.03499
0.00444
0.03399
0.03363
0.00333
0.03265
0.00250

0.08222
0.00230
0.03167
0.00143
0.00125
0.00111
G. 03100
O.C039J9
0.033833
0.000769

0.173
3.189
0.200
0.209
3.214
0.213
0.212
0.211
0.211

0.214
0.224
0.2 38

0.213
3.190
0.176
0.168
0.156
0.157
0.160

0.164

.179

.184

.195

.257

.265

.273

.359

.372

.385

.398

0.441
0.471
0.500
0.528
3.556
3.5 83
0.610
3.636
0.688
3.738

3.971
1.36
1.18
1.28
1.37

4.57
4.83

98.0

111.0
125.0
139.0
152.0
164.0
176.0

322.0
359.0
394.3
428.3
462.8
494.0
525.0
556.0

586.0
615.0

000604 1 05679
000575 1 05570

1! 000510 1 05412
000444 1 05192
030266 1 0-884
000262 1 04398
003238 1 04256
000214 1 04082
000186 1 03894

000151 1 03650
000114 1 03300
0031965 1 02771
830125 1 02275
000169 1 01963
000218 1 01759
000268 1 01615
080531 1 01227
033715 1 01032
88 92 8 1 3 906

00112 1 00813
00132 1 00741
00153 1 00683
.00173 1 03635
00194 1 C3594
00236 1 03528
302SO 1 00476
.00326 1 00434

a .00373 1 3 399
.00422 1 03373

.00473 1 03345

.00526 1 00323
3 .00581 1 00304
.00636 1 03287
.00694 1 03272
.00753 1 D3259

3 .00814 1 33247
.00876 1 03236
.00940 1 83225
0100 1 00216

0107 1 03238
.0121 1 319 3

0135 1 03188
.0150 1 00168
0166 1 33158
0182 1 00153

a 0199 1 03142
0216 1 03135

0262 1 00120
.0311 1 03138
0363 1 0j098
0419 1 00090
.0477 1 03083
.0539 1 C0077
.0634 1 03072

3 0672 1 03067
.0818 1 00060
0974 1 03054

141 1 03043
192 1 03036

3 249 1 33031
8 311 1 00027

379 1 00024
452 1 00022
533 1 03020
612 1 00018
794 1 00015

1 00 1 00014

1 22 1 03012
1 45 1 00311
1 98 1 00009
2 56 1 3jC08
3 24 1 00037
3 96 1 33006
4 74 1 03005
5 57 1 0u005
6 47 1 03005
7 42 1 03034

9 42 1 33004
9 48 1. 00C34

0.4 80
0.5C4
0.556
0.619
0.733
1.01
1.12

0.931

0.876
0.840
0.814
0.795
0.780
0.761
0.749
0.740
0.7 34
0.730

0.726
0.723
0.721
0.720
0.718
0.71B
0.717
0.716
0.716
0.715

0.715
0.715
0.714
0.714
0.713
0.713
0.712
0.712

0.710
0.709
0.707
0.705
0.7C3
0.701
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

0.666
0.666

HAVE 8EEN MULTIPLIED BY THE INOICATED FACTOR



THFRHOCYNAMIC PROPFRTIES OF HELIUM
3.5 ATMOSPHERE ISOBAR

TEMPERATURE VOLUHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K *• X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K M/S

• 2.143 0.06544
2.5 0.06592 604.0 2.57 3.726 6.064 1.865 1.751 1.872 255.7
3.0 0.06712 528.0 3.53 4.645 7.025 2.222 1.872 2.195 250.4
3.5 0.06894 436.0 4.05 5.765 8.210 2.591 2.055 2.688 240.3
4.0 0.07162 339.0 4.27 7.141 9.681 2.985 2.205 3.322 227.3
"..5 0.07566 239.0 4. 17 8. 873 11.56 3.426 2.379 4.277 208.6
5.0 0.08259 139.0 3.73 11.21 14.13 3.963 2.605 6.060 181.3
5.1 0.08469 121.0 3.60 11.80 14.80 4.093 2.656 6.631 174.9
5.3 0.08724 105.0 3.45 12.45 15.55 4.236 2.692 7.228 169.3
5.3 0.08999 88.6 3.30 13.12 16.31 4.381 2.691 8.028 163.6

5.". 0.09336 71.9 3.12 13.86 17.17 4.541 2.723 9.191 156.8
5.5 0.09771 56.0 2.92 14.70 18.17 4.725 2.765 10.68 149.4
5.6 0.1036 41.5 2.69 15.71 19.38 4.944 2.822 13.46 141.6
5.7 0.1122 29.5 2.42 16.95 20.93 5.217 2.900 17.32 133.6
5.8 0.1249 22.2 2. 11 18.49 22.92 5.563 3.002 21.49 126.9
5.9 0.1418 20.9 1.82 20.18 25.20 5.955 3.108 22.23 123.0
6.0 0.1594 23.3 1.59 21.67 27.33 6.311 3.155 19.92 122.1
6.5 0.2330 45.2 1. 03 26.55 34.81 7.513 3.169 11.57 129.3
7.0 0.2881 67.4 0.811 29.60 39.81 8.257 3.141 8.890 139.0
7.5 0.3348 87.1 0.68E 32.06 43.94 8.826 3.123 7.730 147.8

8.0 0.3772 105.0 0.602 34.25 47.63 9.303 3.113 7.096 155.6
6.5 0.4169 121.0 0.540 36.29 51.07 9.720 3.108 6.700 162.6
9.0 0.4547 137.0 0.491 38.23 54.35 10.10 3.106 6.431 169.5
9.5 0.4912 152.0 0.452 40. 10 57.52 10.44 3.106 6.238 175.7
ICQ 0.5267 166.0 0.42C 41.92 60.60 10.75 3.106 6.093 181.5
11.0 0.5952 193.0 0.369 45.42 66.53 11.32 3.108 5.900 192.5
12.0 0.6619 218.0 0.330 48.85 72.32 11.82 3.111 5.772 202.6
13.0 0.7273 243.0 0.299 52.22 78.01 12.28 3.114 5.680 212.1
14.0 0.7917 268.0 0.274 55.55 83.63 12.70 3.117 5.611 221.0
15.0 0.8555 292.0 0.253 58. 85 89.19 13.08 3.120 5.557 229.5

16.0 0.918 5 315.0 0.235 62.15 94.72 13.44 3.121 5.509 237.5
17.0 0.9310 339.0 0.219 65.42 100.2 13.77 3.123 5.471 245.1
18.0 1.04 3 361.0 0.205 68.67 105.7 14.08 3.123 5.439 25 2.5
19.0 1.105 384.0 0.193 71.91 111.1 14.38 3.124 5.413 259.6
20.0 1.166 406.0 0.183 75. 14 116.5 14.65 3.124 5.390 266.5
21.0 1.227 429.0 0.173 78.36 121.9 14.92 3.125 5.371 273.2
22.0 1.288 451.0 0.165 81.56 127.2 15.17 3.125 5.355 279.7
23.0 1.34 8 473.0 0.157 84.76 132.6 15.40 3.125 5.341 286.0
24.0 1.409 494.0 0. 150 87.95 137.9 15.63 3.125 5.328 292.2
25.0 1.469 516.0 0.144 91.14 143.2 15.85 3.125 5.317 298.2

26.0 1.529 537.0 0.136 94.32 148.6 16.06 3.125 5.308 304.1
28.0 1.649 580.0 0.128 100.7 159.1 16.45 3.125 5.291 315.5
30.0 1.768 623.0 0.119 107.0 169.7 16.61 3.124 5.278 326.5
32-0 1.888 665.0 0.111 113.3 180.3 17.15 3.124 5.267 337.1
34.0 2.006 708.0 0.104 119.6 190.8 17.47 3.124 5.259 347.4
36.0 2.125 750.0 0.0984 125.9 201.3 17.77 3.123 5.251 357.3
38.0 2.244 792.0 0.0931 132.2 211.8 18.06 3.123 5.245 367.0
40.0 2.362 833.0 0.0883 138.5 222.3 18.33 3.123 5.239 376.4

45.0 2.657 938.0 0.0783 154.2 248.4 18.94 3.122 5.229 398.9
50.0 2.952 1040.0 0.0704 169.9 274.6 19.49 3.121 5.222 420.1
55.0 3.246 1140.0 0. 0639 185.5 300.7 19.99 3.121 5.216 440.3
60.0 3.540 1250.0 0.0585 201.2 326.7 2C.44 3.120 5.212 459.6
65.0 3.834 1350.0 0.0540 216.8 352.8 20.86 3.120 5.209 478.1
70.0 4.128 1450.0 0.05C1 232.4 378.8 21.25 3.120 5.207 495.9
75.0 4.421 1560.0 0.0468 248.1 404.9 21.61 3.119 5.205 513.1
80.0 4.715 1660.0 0.0438 263.7 430.9 21.94 3.119 5.203 529.7
90.0 5.301 1870.0 0.0389 294.9 482.9 22.55 3.119 5.200 561.4
100.0 5.887 2070.0 0.0350 326.1 534.9 23.10 3.118 5.199 591.4

125.0 7.352 2580.0 0. 0280 404.1 664.8 24.26 3.118 5.196 660.5
15 0.0 8.817 3100.0 0.0233 482.0 794.7 25.21 3.117 5.195 723.1
175.0 10.28 3610.0 0. 0200 560. 924.6 26.01 3.117 5.194 780.6
200.0 11.75 4120.0 0.0175 637. 9 1054.0 2f .70 3.117 5.194 834.1
225.0 13.21 4630.0 0.0156 715.8 1164.0 27.31 3.117 5.194 884.5
250.0 14.67 5150.0 0. 0140 793.7 1314.0 27.86 3.117 5.193 932.1
275.0 16.14 5660.0 0.0127 871.6 1444.0 28.36 3.117 5.193 977.4
300.0 17.60 6170.0 0.0117 949.5 1574.0 28.81 3.117 5.193 1021.0
350.0 20.53 7200.0 0.01CO 1105.0 1833.0 29.61 3.117 5.193 1102.0
400.0 23.46 8220.0 0.00875 1261.0 2093.0 30.30 3.117 5.193 1178.0

450.0 26.39 9250.0 0.00778 1417. 2353.0 30.91 3.116 5.193 1249.0
500.0 29.31 10300.0 0.00700 1573.0 2612.0 31.46 3.116 5.193 1317.0
600.0 35.17 12300.0 0.00583 18 84. 3132.0 32.41 3.116 5.193 1442.0
700.0 41.03 14400.0 0.00500 2196. 3651.0 33.21 3.116 5.193 1557.0
800.0 46.88 16400.0 0.00437 2508. 4170.0 33.90 3.116 5.193 1665.0
90C.0 52.74 18500.0 0.00389 2819. 4690.0 34.51 3.116 5.193 1766.0

100C.0 58.60 2 0500.0 0.00350 3131.0 5209.0 35.06 3.116 5.193 1861.0
1100.0 64.45 22600.0 0.00318 3442.0 5728.0 35.56 3.116 5.193 1952.0
1200.0 70.31 24600.0 0.00292 3754. 6247.0 36.01 3.116 5.193 2039.0
1300.0 76.17 26700.0 0. 00269 4066. 6767.0 36.42 3.116 5.193 2122.0

1400.0 82.02 2 6700.0 0.00250 4377.0 7286.0 36.81 3.116 5.193 2202.0
1500.0 87.88 30800.0 0. C0233 4689. 7605.0 37.17 3.116 5.193 2279.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



3.5 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

DEG.< G/CC

IMOH/OV)
P

J/G

V (OP/OU)

ATM-CC/J

-V (DP/DV) (OV/OT) /V THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

HW/CH-K G/CM-S SQ-CM/S
•• X 1000000

2 It] 15 28
2 5 15 17
3 14 90
3 5 14 50
4 13 96
i* 5 13 .22

5 12 .11

5 1 11 81
5 2 11 46
5 3 11 11

5 <• 10 71
5 5 10 23
5 8 9 651
5 7 8 911.

5 a 8 005
5 9 7 053
6 6 271.

6 5 It 292

t2.0
36.

S

31..

36.0
38.0

90.0
100.0

125. D

150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
1.0 0.0

1.50.0

500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
1200.0
1300.0

Ii-OO.O

1500.0

2.651 32.8
2.399 36.1
2.199 39.1.

2.036 1.2.6

1.899 1.5.7

1.680 51.7
1.511 57.7
1.375 63.5

1 089 80 6

1 019 86 2

9587 91 8

90 5 2 97 3
8576 103
8150 108
7765 114
71.16 119
7098 124
6807 130

6539 135
6061. 146
5655 157
5298 167
1.981. 178
1.706 188 D

.41.57 199
4234 209 a

.3763 236
3388 262
3080 288

G 2825 314
2608 340

a .2423 366
.2262 392
.2121 418
1886 470
.1699 522

1360 652
a .1134 782
.09726 912
.08514 1040
.07570 1170
.05815 1300
.06197 1430
.05681 1560
.04871 1820
.04263 2080

.03790 2340

.03411 2600

.02843 3120

.02437 3640

.02133 4160 3

.C1896 4680

.01707 5200

.01552 5710

.01422 6230

.01313 6750

.01219 7270

.01138 7790

6.81
6.79

6.75
6.74
6.72
6.71
6.70
6.70
6.69

7.70
5.73
4.00
2.63
1.78
1.47

3.51
3.51

3.50
3.50

. 28 1

a

.

0449
0.0640
0.0902
0.132
0.221
0.252
0.286
0.335

0.406
0.510
0.672
0.920

0.5 31
0.347
0.264

0.216
0.185
0.163
0.146
0.133
0.114
0.100
0.0895
0.0810
0.0741

. 68 3

0.0 63 5

0.0593
0.0556

. 52 5

. 49 6

0.0471
0.0449
0.0 42 8

0.0410

. 39 3

0.0 36 3

0.0 33 7

C.0315
0.0 29 6
0.0279
0.0264

. 25

0.0222
0.0 20

0.0181
. 16 6

0.0153
0.0142
0.0133
0.0124
0.0111
0.010

0.00797
0.00664
0.0057U
0.00499
0.00443
0.00399
0.00363
0.00333
0.00285
0.00250

C. 00222
0.00200
0.00167
0.00143
0.00125
0.00111
0.00100
0.000909
0.G00833
0.000769

0.000714
0.000666

0.175
0.191
0.202
0.212
0.218
0.216
0.217
0.216
3.215

0.215
0.214
0.215
0.217
0.219
0.212
J.2C0
0.170
0.165
0.166

0.169
0.173
0.178

.197

.207

.216

.225

.242

.251

.259

.267

.275

.283

.290

.298

.305

.312

.319

.333

.347

.360

.374

.386

.399

0.501
0.529
0.557
0.584
0.611
0.637
0.688
0.738

42.1

43.1
45.1
47.0
48.9
50.7
52.5

71.6
75.2

98.1

111.0
125.0
139.0
152.0
164.0
176.0
188.0
199.0
222.0
243.0

264.0
284.0
322.0
359.0
394.0
428.0
462.0

c 000615 1 05713
: 0C0583 1 05609

000 519 1 05456
GC0457 1 C5251
000 38 5 1 04966
000295 1 04544
000277 1 04429
000260 1 04298
000241 1 04166

000218 1 04313
00)192 1 C3633
000166 1 03612
000141 1 03333

3 000127 1 02990
J 000135 1 02632

C00160 1 02339
34

1

1 01597
000533 1 01290
000718 1 01109

030898 1 03984
001C8 1 03890
00126 1 00816
00144 1 00755
00162 1 00704
00199 1 00623
00237 1 33560
0C277 1 30510
00318 1 00466
00360 1 00433

004C4 1 C04G4
00450 1 378
00497 1 CO 35

5

Q 00545 1 30335
03595 1 03318
00646 1 00302
00698 1 00288
00752 1 00275
.00806 1 00263
00S63 1 C0252

30920 1 03242
0104 1 00225
0116 1 00209
0129 1 00196
0143 1 C0185
0156 1 00174
0171 1 03165
0186 1 00157

8 .0225 1 00139
0267 1 03125
.0312 1 0U114
.0359 1 33105
.0410 1 00097
0463 1 00090
.0519 1 03084

Q .0577 1 00079
.0732 1 03070
.0836 1 00063

3 121 1 00050
165 1 30042
214 1 03036
267 1 00332
325 1 00028
.388 1 00025
455 1 00023
525 1 00021
681 1 00018
853 1 03016

1 04 1 00014
1 25 1 00013
1 70 1 00011
2 21 1 00009
2 77 1 00008
3 39 1 03007
4 06 1 00006
4 78 1 03006
5 55 1 03005
6 .36 1 00005

7 22 1 03305
8 12 1 00004

0.5G6
0.554
0.611
0.706
0.9G8
0.967
1.03
1.12

1.01

0.930
0.880
0.846
0.821
0.802
0.778
0.762
0.751
0.743
0.737

0.732
0.729
0.7 26
0.724
0.722
0.721
0.720
0.719
0.718
0.718

0.717
0.716
0.716
0.715
0.714
0.714
0.713
0.712

0.711
0.709
0.707
0.705
0.703
0.701
0.699
0.697
0.694
0.691

0.673
0.670
0.668
0.667
0.666
0.666
0.667
0.669
0.668
0.668

0.668
C.667
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

0.666
0.666

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOP



THERMODYNAMIC PROPERTIES OF HELIUM 1.

It.O ATMOSPHERE ISOBAR

TEMPERATURE UCLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIl/E DERIVATIVE ENERGY OF SOUNO

DEG. K "X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K M/S

* 2.138 0.06510
2.5 0.06556 627.0 2.56 3.706 6.36 3 1.851 1.730 1.S43 260.2
3.0 0.06669 552.0 3.54 4.605 7.308 2.203 1.864 2.170 255.2
3.5 0.0631.1 1.61.0 1.. 09 5.700 8.473 2.567 2.046 2.646 245.8
<t.O 0.07090 365.0 4.33 7.038 9.911 2.952 2.193 3.242 233.8
4.5 0.071.58 26 7.0 4.27 8.703 11.73 3.379 2.364 4. 100 216.6
5.0 0.01053 170.0 3.90 10.88 14.15 3.884 2.578 5.528 192.0
5.1 0.08223 152.0 3.79 11.1.2 14.75 4.001 2.625 5.933 186.4
5.2 0.081.21 137.0 3.67 12.00 15.41 4.127 2.654 6.326 181.8
5.3 0.08625 121.0 3.5% 12.57 16.07 4.251 2.645 6.799 177.2

5.". 0.08362 101.. 3.1.0 13. 19 16.78 4.384 2.666 7.434 171.6
5.5 0.0911.2 88.1. 3.25 13.86 17.56 4.528 2.693 8.246 165.7
5.6 0.091.83 73.5 3.08 14. 60 18.44 4.687 2.726 9.308 159.4
5.7 O.O990S 59.7 2.89 15.43 19.44 4.864 2.768 10.72 153.0
5.8 0.10..5 1.7.5 2.69 16.38 20.62 5.068 2.819 12.57 146.5
5.9 0.1117 37.8 2.1.6 17.48 22.01 5.306 2.883 14.82 14 0.3
6.0 0.1211 31.5 2.22 18.72 23.63 5.579 2.956 16.89 135.1
E.5 0.1819 39.0 1.37 24.49 31.86 6.900 3.142 13.66 131.1
7.0 0.231.1. 59.2 1. 02 28.17 37.67 7.762 3.137 10.05 138.6
7.5 0.2786 79.1 0.81.3 30.95 42.24 8.393 3.122 8.414 147.0

8.0 0.3179 97.6 0.727 33.32 46.21 8.906 3.112 7.547 154.8
8.5 0.351.3 115.0 0.61.5 35.48 49.84 9.347 3.107 7.023 162.1
9.0 0.3887 131.0 0.583 37.51 53.26 9.736 3.105 6.677 168.9
9.5 0.1.216 11.6.0 0.533 39.45 56.54 10.09 3.104 6.433 175.2

10.0 0.1.536 161.0 0.1.93 41.32 59.70 10.42 3.105 6.252 181.2
11.0 0.511.8 189.0 0.1.31 44.90 65.76 11.00 3.107 6.016 192.4
12.0 0.571.2 215.0 0.381. 48.37 71.65 11.51 3.110 5.863 202.6
13.0 0.6323 21.1.0 0.31.7 51.79 77.41 11.97 3.114 5.755 212.2
lt.O 0.6891. 265.0 0.317 55.15 83.09 12.39 3.117 5.674 221.2
15.0 0.71.58 290.0 0.292 58.48 88.70 12.78 3.120 5.611 229.8

16.0 0.8015 311.. o 0.271 61.80 94.29 13.14 3.122 5.556 237.9
17.0 0.8567 337.0 0.252 65.10 99.8 13.47 3.123 5.511 245.6
18.0 0.9111. 360.0 0.236 68. 37 105.3 13.79 3.124 5.475 253.0
19.0 0.9657 383.0 0.223 71.63 110.8 14.08 3.125 5.444 260.1
20.0 1.020 1.06.0 0.210 74.87 116.2 14.36 3.126 5.419 267.0
21.0 1.073 1.28.0 0.199 78.11 121.6 14.63 3.126 5.397 273.7
22.0 1.127 1.51.0 0.189 81. 33 127.0 14.88 3.126 5.378 280.3
23.0 1.180 1.7 3.0 0.180 84.54 132.4 15.12 3.126 5.362 286.6
21.. 1.233 1.95.0 0.172 87.74 137.7 15.34 3.126 5.347 292.8
25.0 1.286 516.0 0.166 90.94 143.1 15.56 3.126 5.335 298.8

26.0 1.339 538.0 0.158 94.13 148.4 15.77 3.126 5.324 304.7
28.0 1.1.1.1. 581.0 0.11.6 100.5 159.0 16.16 3.126 5.305 316.2
30.0 1.51.9 621.. 0.13E 106.8 169.6 16.53 3.125 5.290 327.2
32.0 1.65 3 667.0 0.127 113.2 180.2 16.87 3.125 5.278 337.8
31.. 1.758 709.0 0.119 119.5 190.7 17.19 3.125 5.268 348.0
36.0 1.862 751.0 0.113 125.8 201.3 17.49 3.124 5.259 358.0
38.0 1.965 793.0 0.107 132.1 211.

a

17.78 3.124 5.252 367.6
".0.0 2.069 835.0 0.101 138.4 222.3 18.04 3.124 5.246 377.0

".5.0 2.328 91.0.0 0.0896 154.1 248.5 18.66 3.123 5.234 399.5
50.0 2.536 101.0.0 0.0805 169.8 274.6 19.21 3.122 5.226 420.7
55.0 2.31.1. 1150.0 0. 0731 185.5 300.7 19.71 3.122 5.220 440.9
60.0 3.101 1250.0 0.0669 201.1 326.8 20.16 3.121 5.215 460.1
65.0 3.358 1350.0 0. 0617 216. 6 352.9 20.58 3.121 5.211 478.6
70.0 3.615 11.60.0 0.0573 232.4 378.9 20.97 3.120 5.208 496.4
75.0 3.872 1560.0 0.0531. 248.0 405.0 21.33 3.120 5.206 513.6
80.0 4.129 166C.0 O.C501 263.6 431.0 21.66 3.120 5.204 530.2
90.0 4.642 1870.0 0.01.1.5 294.9 483.0 22.28 3.119 5.202 561.9
100.0 5.155 2070.0 0. 01.00 326.1 535.0 22.82 3.119 5.200 591.9

125.0 6.1.37 259 0.0 0.0320 404.1 665.0 23.98 3.118 5.197 660.9
150.0 7.719 3100.0 0. 0267 4 82. 794.9 24.93 3.118 5.195 723.4
175.0 9.000 3610.0 0.0229 560.0 924.7 25.73 3.117 5.194 780.9
200.0 10.28 1.120.0 0.0200 637.9 1055. 26.43 3.117 5.194 834.4
225.0 11.56 1.61.0.0 0.0178 715.8 1184.0 27.04 3.117 5.194 884.7
250.0 12.31. 5150.0 0.0160 793.7 1314.0 27.58 3.117 5.193 932.3
275.0 14. 12 5660.0 0.011.5 871.6 1444. 28.08 3.117 5.193 977.6
300.0 15.1.1 6170.0 0.0133 949.5 1574.0 28.53 3.117 5.193 1021.0
350.0 17.97 7200.0 0.011". 1105. 1834.0 29.33 3.117 5.193 1102.0
1.00.0 20.53 8220.0 G.C100 1261.0 2093.0 30.03 3.117 5.193 1178.0

1.5 0.0 23.09 9250.0 0.00889 1417. 2353.0 30.64 3.117 5.193 1249.0
500.0 25.65 10300.0 0.00800 1573.0 2613.0 31.18 3.116 5.193 1317.0
600.0 30.78 12300.0 0.00667 1884. 3132.0 32.13 3.116 5.193 1442.0
700.0 35.90 1 <t<> 0.0 C.O0571 2196.0 3651.0 32.93 3.116 5.193 1558.0
800.0 1.1.03 161.00.0 0.00500 2508.0 4170.0 33.62 3.116 5. 193 1665.0
900.0 1.6. 15 18500.0 0. 001.1.1. 2819. 4690. 34.24 3.116 5.193 1766.0

1000.0 51.28 20500.0 D. 301.00 3131. 5209.0 34.78 3.116 5.193 1861.0
1100.0 56.1.0 2 2600.0 0.00361. 3442.0 5728.0 35.28 3.116 5.193 1952.0
1200.0 61.52 21.6 0.0 0.00333 3754.0 6248.0 35.73 3.116 5.193 2039.0
1300.0 66.65 26700.0 0.00308 4066.0 6767.0 36.15 3.116 5.193 2122.0

11.00.0 71.77 2870C.0 0. 00286 4377. 7286.0 36.53 3.116 5.193 2202.0
150C.0 76.90 30800.0 0.00267 4689. 7805.0 36.89 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN MULTIPLIED BY THE INDICATED FACTOR



4.0 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OENSITY VIOH/OVI
P

VIOP/OUJ

DECK G/CC
•• X 10

J/G ATM-CC/J

• 2.138 19.36
2.5 15.25 69.0 9.68
3.0 14.99 50.3 12.6
3.5 14. 62 43.7 13.7
..0 11.. 10 38.5 14.0
4.5 13.41 34.3 13.5
5.0 12.42 29.8 12.2
5.1 12.16 23.9 11.9
5.2 11.87 28.0 11.6
5.3 11.59 26.8 11.5

5.1. 11.23 25.7 11.3
5.5 10.94 24.6 11.0
5.5 10.55 23.4 10.7
5.7 10.09 22.3 10.4
5.8 9.556 21.3 10.0
5.9 8.951 20.4 9.53
6.0 8.253 19.

S

9.09
6.5 5.498 21.4 7.94
7.0 4.266 24.3 7.66
7.5 3.590 28.4 7.52

8.0 3.146 31.9 7.43
8.5 2.823 35.3 7.35
9.0 2.573 33.5 7.29
9.5 2.372 41.3 7.24

10.0 2.205 45.0 7.20
11. D 1.942 51.1 7.14
12.0 1.742 57.1 7.09
13.0 1.582 63.0 7.05

-V<OP/OV> I0V/DT)/V THERMAL VISCOSITY
P CONDUCTIVITY

1/DEG.K MH/CM-K G/CM-S
•» x looic:

26 7 176
0427 i •:

c 0636 2(i4

0842 215
119 9 221
185 222
205 221
226 220
2 53 220

289 219
336 219

c 397 218
480 .217
591 217
727 .216
853 .215
6 40 3 .186

.237

.199

.173

.154

.139

.118

.103

.0913

.0824

0.174
J. 178
0.182
0.185
0.190
0.2CO
0.209
0.218
0.227
0.2 36

THERMAL
OIFFUSIVITY

SQ-CM/S

0.000626
0.000591
0.000523
C.00J4E9
0.03C402
0.0 GO 323
0.0OO3G6
0.0j0293
0.000 279

C. 000262
0.000242
0.000222
0.000201
o.oooiec
C. 000163
0.000154
O.OG024S
0.000406
O.00C571

0. 000734
0.000695
0.00106
0.00122
0.0 0138
0.0C171
0.00205
0.0G24G
u. 00276
0.00313

1.05745
1.1.5646
1.05502
1.05305
1.05C39
1.04662
1.04564
1.04455
1.C4348

1.04231
1.04099
1.03950
1.33779
1.03579
1.G3347
1.03085
1.02048
1.01587
1.01334

1.01169
1.01048
1.00955
1.0J880
1.00818
1.00721
1.0 646
1.00587
1.00538
1.0J497

0.461
0.5C7
0.553
0.6C4
0.686
0.839
0.885
0.922
0.972

1.04

.824

.794

.775

.761

.752

18.0
19.0

21.0
22.0

30.0
32.0
34.0

70.0
75.0

125.0
15 0.0
175.0
2D0.0
225.0
250.0
275.0
300.0
350.0
400.0

450.0
500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
120 0.0
1300.0

1400.0
1500.0

1 243 80 3

1 167 86
1 097 91 6

1 036 97 1

9307 103
9316 103
8374 114
8474 119
3109 124
7776 130 D

7469 135
6925 146
6456 157
6048 167
5690 178
5372 138,
5088 199
4933 210

4296 236
3867 262
3517 288
3225 314
.2978 340
2766 366
.2583 392
.2422 419
2154 471 D

.1940 523

.1553 652

.1296 782

.1111 912

.09727 1040

.08649 1170 D

.07786 1300

.07080 1430

.06491 1560

.05566 1820

.04871 2080

.04331 2340

.03898 2500 D

.03249 3120

.02785 3640

.02437 4160

.02167 4680

.01950 5200

.01773 5720

.01625 6230 .0

.01500 6750 :

.01393 7270

.01300 7790

6.78
6.76
6.75

69 2 244
64 1 253

G G598 261
0561 269
0528 276
0499 284
0473 3 292
0450 299
43 3 306

<> 0411 3 314

39 4 321
36 4 335

G 0333 348
0316 362
29 6 375

c 27 9 388
0264 3 400
0250 413

22 2 443
0199 473
0181 502
0166 530
015 3 558
014 2 3 585
0133 611
0124 638
0111 639
G10 739

G0796 859
00664 .972
00569 1 08
00498 1 .18
00443 1 23

G 00399 1 .37
00363 1 46
00333 1 .55
00285 1 .72
0G250 1 .89

00222 2 .05

c 00200 2 21
00166 2 .51
.00143 2 .81

00125 3 .07
00111 3 34

00100 3 .60

G 000909 3 65
.000833 4 .10

" .000769 * .34

I .000714 4 .57
G .000666 4 .30

111.
125.
139.
152.

C . 4 34

0.00477
0.0052C
0.00565
0.00611
0.00658
0.00707
0.00756

0.008G6
0.00911
0.0102
0.0113
0.0125
0.G137
0.0150
0.G163

0.0197
C.0234
0.0273
0.0315
„.0359
O.Oh06
0.C455
0.05C6
0.0615
0.0733

0.285
0.340
D.398

322.0 1.49
359.0 1.93
394.0 2.1.3

429.0 2.97
462.0 3.55

1.40463
1.03433
1.00407
1.0 384
1.00363
1.0o345
1.00329
1.00314
1.00300
1.00288

00277
00257
00239
00224
00211
00199
G018S
00179

1.0.159
1.00143
1.00130
1.00119
1.0-llu
1.00102
1. i0096
1.00090
1.00080
1.00072

1.00053
1.00048
1.00041
1.C0G36
1.00032
1.00029
1.00026
1.C0024
1.00021
1.00013

1.00016

0.739
0.734
0.731
0.728
0.7 26
0.724
0.723
0.721
0.720
0.720

0.719
0.718
0.717
0.716
0.715
0.715
0.714
0.713

0.711
0.7C9
0.7C7
0.7C5
0.7C3
0.701
0.699
0.698
0.694
0.691

0.673
0.670
0.663
0.667
0.666
0.666
0.667
0.669
0.668
G.668

G.668

566.0
615.0

00012 0.667
00013 0.667
: joo9 0.667
O0GD8 0.666
CJ007 0.666
00007 0.666
00006 0.666
00006 0.666

00005 0.666
00005 0.666

TWO-PHASE BOJNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

4.5 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

OEG. K •• X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K H/S

• 2.132 0.06477
2.5 0. 06521 650.0 2.54 3.688 6.661 1.838 1.709 1.816 264.5
3.0 0.06629 576.0 3.54 4.569 7.592 2.186 1.856 2.147 259.7
3.5 0.06791 486.0 4.12 5.642 8.738 2.544 2.037 2.608 251.0
4.0 0.37021. 391.0 4.40 6.945 10.15 2.922 2.182 3.172 239.8
4.5 0.07362 294.0 4.37 8.554 11.91 3.336 2.349 3.956 223.9
5.0 0.07887 198.0 4.05 10.62 14.22 3.817 2.556 5. 161 201.4
5.1 0.08031 181.0 3.95 11.12 14.76 3.925 2.600 5.476 196.5
5.2 0.08191. 167.0 3.85 11.65 15.38 4.040 2.625 5.768 192.5
5.3 0.08358 150.0 3.74 12.16 15.98 4.153 2.612 6.093 186.5

5.1. 0.0851.3 134.0 3.62 12.71 16.61 4.271 2.627 6.516 183.7
5.5 0.08753 119.0 3.49 13.29 17.28 4.395 2.647 7.025 178.7
5.6 0.08996 104.0 3. 35 13.92 18.02 4.528 2.670 7.643 173.4
5.7 0.09281 89.4 3.20 14.59 18.82 4.670 2.698 8.403 168.0
5.8 0.09620 76.1 3.04 15.33 19.71 4.825 2.732 9.341 162.4
5.9 0.1303 64.1 2.87 16.14 20.71 4.996 2.772 10.49 156.8
6.0 0.1053 53.8 2.68 17.04 21.84 5.186 2.819 11.83 151.3
6.5 0.1473 39.5 1.77 22.44 29.15 6.355 3.078 14.42 137.0
7.0 0.19-.1 54.6 1.28 26.64 35.49 7.296 3.120 11.10 140.3
7.5 0.2354 73.1 1.02 29.76 40.50 7.988 3.116 9.121 147.3

e.o 0.2721 91.5 0.866 32.35 44.76 8.538 3.109 8.025 154.7
8.5 0.305S 109.0 0.759 34.65 48.59 9.003 3.105 7.365 161.9
9.0 0.3375 126.0 3.681 36.77 52.16 9.411 3.103 6.935 168.6
9.5 0. 36 7 7 141.0 0.619 38.78 55.55 9.776 3.102 6.636 175.0

10.0 0.3968 156.0 0.570 40.71 58.81 10.11 3.103 6.417 181.0
11.0 0.4524 185.0 0.495 44.37 65.00 10.70 3.105 6.134 192.3
12.0 0.5061 212.0 0.440 47.90 70.97 11.23 3.109 5.955 202.7
13.0 0.5534 238.0 0.397 51.35 76.81 11.69 3.113 5.829 212.4
lit.

a

0.6098 263.0 0.362 54.75 82.55 12.12 3.117 5.737 221.5
15.0 0.6605 288.0 0.332 58.10 88.22 12.51 3.120 5.665 230.2

16.0 0.7105 312.0 0.308 61.46 93.85 12.87 3.122 5.602 238.3
17.0 0.76 336.0 0.286 64.78 99.43 13.21 3.124 5.552 246.0
18.0 0.8090 360.0 0.268 68. 07 105.0 13.53 3.125 5.510 253.5
19.0 0.8576 383.0 0.252 71.35 110.5 13.82 3.126 5.476 260.6
20.0 0.9059 406.0 0.238 74.61 115.9 14.10 3.127 5.447 267.6
21.0 0.9539 428.0 0.225 77.86 121.3 14.37 3.127 5.422 274.3
22.0 1.002 451.0 0.214 81. 09 126.8 14.62 3.127 5.401 280.8
23.0 1.0*1 473.0 0.204 84.31 132.2 14.86 3.127 5.383 287.2
2<>.0 1-097 495.0 0.195 87.53 137.5 15.09 3.127 5.367 29 3.4
25.0 l.li. "4 517.0 0.186 90.73 142.9 15.31 3.127 5.352 299.4

26.0 1. 191 539.0 0.179 93.93 148.2 15.52 3.127 5.340 305.3
28.0 1.285 582.0 0.165 100. 3 158.9 15.91 3.127 5.319 316.8
30.0 1.378 625.0 0.154 106.7 169.5 16.28 3.127 5.302 327.8
32.0 1.471 668.0 0.143 113.0 180.1 16.62 3.126 5.288 338.4
3I>. 1.564 711.0 0.135 119.4 190.7 16.94 3.126 5.277 348.6
36.0 1.65 7 753.0 0.127 125.7 201.2 17.24 3.125 5.267 358.6
38.0 1.749 795.0 0.120 132.0 211.7 17.53 3.125 5.259 368.2
1)0.0 1.841 83 7.0 0.114 138.3 222.2 17.80 3.125 5.253 377.6

".5.0 2.071 942.0 0. 101 154. 248.5 18.42 3.124 5.239 400.1
50.0 2.301 1050.0 0. 0906 169. r 274.6 18.97 3.123 5.230 421.3
55.0 2.530 1150.0 0.0823 185.4 300.8 19.46 3.122 5. 223 441.4
60.0 2.759 1250.0 0.0753 201.1 326.9 19.92 3.122 5.216 460.7
65.0 2.98 8 1360.0 0.0695 216. 7 353.0 20.34 3.121 5.214 479.2
7C.0 3.217 1460.0 0.0645 232.4 37 9.0 20.72 3.121 5.210 496.9
75.0 3.445 1560.0 0.C6C1 248.0 405.1 21.08 3.120 5.208 514.1
80.0 3.67 3 1670.0 0.0564 263.6 431.1 21.42 3.120 5.206 530.6
90.0 4.130 1870.0 0.C501 294.8 483.1 22.03 3.120 5.203 562.3

100.0 4.586 2080.0 0. 0450 3 26.1 535.1 22.58 3.119 5.200 592.3

125.0 5.725 2590.0 0.0360 404.1 665.1 23.74 3.118 5.197 661.3
150.0 6.864 3100.0 0. 0300 462.0 795.0 24.69 3.118 5.196 723.8
175.0 8.003 3620.0 0.0257 560. 924.9 25.49 3.118 5.195 781.2
200.0 9.142 4130.0 0.0225 637.9 1C55.0 26.18 3.117 5.194 834.7
225.0 10.28 464 0.0 0.0200 715.8 1185.0 26.79 3.117 5.194 885.0
250.0 11.42 5150.0 0. 0180 793.7 1314.0 27.34 3.117 5.194 932.6
275.0 12.56 5660.0 0.0164 871.7 1444.0 27.83 3.117 5.193 977.8
300.0 13.70 6180.0 0.0150 949.6 1574.0 28.29 3.117 5.193 1021.0
350.0 15.97 7200.0 0.0129 1105.0 1834.0 29.09 3.117 5.193 1103.0
1.00.0 18.25 82 3 0.0 0.0112 1261.0 2093.0 29.78 3.117 5.193 1176.0

"•5 0.0 20.53 9250.0 0. 0100 1417.0 2353.0 30.39 3.117 5.193 1250.0
500.0 2 2.81 10300.0 0.00900 1573. 2613.0 30.94 3.117 5.193 1317.0
600.0 27.36 12300.0 0.00750 1884.0 3132.0 31.89 3.116 5.193 1442.0
700.0 31.92 14400.0 0.00643 2196.0 3651.0 32.69 3.116 5.193 1558.0
800.0 36.47 16400.0 0.00562 2508.0 4171.0 33.38 3.116 5.193 1665.0
900.0 41.03 18500.0 0. 00500 2819. 4690.0 33.99 3.116 5.193 1766.0

1000.0 45.58 20500.0 0.00450 3131.0 5209.0 34.54 3.116 5.193 1861.0
1100.0 50.14 22600.0 0.00409 3442.0 5728.0 35.03 3.116 5.193 1952.0
1200.0 54.69 24600.0 0.00375 3754. 6248.0 35.49 3.116 5.193 2039.0
1300.0 59.25 26700.0 0. 00346 4066. 6767.0 35.90 3.116 5.193 2122.0

11)00.0 63.30 28700.0 0.00321 4377.0 7286.0 36.29 3.116 5.193 2202.0
1500.0 68.36 30800.0 0.00300 4689. 7806.0 36.64 3.116 5.193 2279.0

THO-PHASE EOUNDARY
NUMBERS IN THIS COLUMN HAVE 9EEN MULTIPLIED BY THE INDICATED FACTOR



4.5 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

DEG.K G/CC

VIOH/OV] VIOP/DU) -VIDP/DVI IOV/OT>/V THERMAL VISCOSITY THERMAL
P T p CONDUCTIVITY OIFFUSIVITY

J/G ATM-CC/J ATM 1/OEG. K HH/CM-K G/CM-S SQ-CM/S
•• X 1000003

2.5 15.33
3.0 15.09
3.5 14.73
4.0 14.24
4.5 13.58
5.0 12.68
5.1 12.05
5.2 12.20
5.3 11.96

5.4 11.71
5.5 11.1.2

5.6 11.12
5.7 10.77
5.6 10.39
5.9 9.97
6.0 9.492
6.5 6.788

55.6
39.9

11.8
11.5
11.3
11.0
10.7
10.1.

10.0

8.0 3.675 31.2 7.58
8.5 3.270 31.. 6 7.1.8

9.G 2.963 37.9 7.4G
9.5 2.720 .1.2 7.34

10.0 2.520 1.1.. 4 7.29
11.0 2.210 50.6 7.22
12.0 1.976 56.5 7.16
13.0 1.791 62.6 7.11
11.. 1.61.0 68.5 7.07
15.0 1.511. 71..

3

7.04

16.0 1.1.07 80.1 7.00
17.0 1.316 85.7 6.97
18.0 1.236 91.1. 6.94
19.0 1.156 97.0 6.91
20.0 1.101. 103.0 6.89
21.0 1.01.8 108.0 6.67
22.0 0.998 114.0 6.86
23.0 0.9531 119.0 6.84
24.0 0.9120 12".. 6.83
25.0 0.871.3 130.0 6.81

26.0 0.8398 135.0 6.80
28.0 0.7761. 146.0 6.78
30.0 0.7257 157.0 6.77
32.0 0.6798 167.

C

6.75
34.0 0.6391. 178.0 6.74
36.0 0.6037 189.0 6.73
38.0 0.5716 199.0 6.72
1.0.0 0.51.31 210.0 6.71

1.5.0 0.1.827 236.0 6.69
50.0 0.1.31.6 262.0 6.68
55.0 0.3952 288.0 6.67
60.0 0.3621. 315.

D

6.66
65.0 0.331.7 3".1.C 6.65
70.0 0.3109 367.0 6.65
75.0 0.2903 393.0 6.64
80.0 0.27 2 2 1.19.0 6.64
90.0 0.21.22 1.71.0 6.63
100.0 0.2181 523. 6.62

125.0 0.171.7 653.0 6.61
130.0 0.11.57 783.0 6.61
175.0 0.121.9 913.0 6.60
230.0 0.1091. 1040.0 6.60
225.0 0.09727 1170.0 6.59
250.0 0.08757 1300.0 6.59
275.0 0.07963 11.30.0 6.59
300.0 0.07301 1560.0 6.59
350.0 O.05260 1820.0 6.59
1.00.0 0.051.79 2080.0 6.59

1.53.0 0.01.671 231.0.3 6.59
500.0 0.31.385 2630.0 6.58
60 0.0 0.33655 3120.0 6.58
703.0 0.03133 36*0.0 6.58
808.3 0.0271.2 1.160. 6.56
938.0 0.021.38 1.660.0 6.58
1000.0 0.02191. 5200.0 6.58
1100.0 0.01995 5720.0 6.58
1200.0 0.01828 6230.

G

6.58
1300.0 0.01688 6750.0 6.58

11.00.0 0.01567 7270.0 6.58
1500.0 0.011.63 7790.0 6.58

4.50
4.50

4.50
4.50

0.8254
0.0406
0.0 57 6
0.0791
0.110
0.161
0.175
0.189
0.208

0.230
0.257
C.291
0.332
0.384
0.449
0.525
0.660
0.454
0.329

0.257
0.213
0.183
0.161
0.145
0.121
0.105
0.0931
0.0 83 8

0.0762

0.0700
0.0647
0.0603
0.0 56 5

3.0 531
0.0502

. 47 6

. 45 2

0.0431
0.0412

0.3395
0.0364
0.0338
CO 31

6

0.0 29 6

C.0279
0.0264
0.0250

. 22 2

0.019 9

0.0181
. 16 6

0.015 3

0.0142
0.0133
0.0124
0.0 110
0.00994

0.00796
0.00664
0.00569
0.0049S
0.00443
C. 00399
0.03363
0.03333
0.00285
0.00250

0.U0222
0.0020U
0.00166
0.03143
0.03125
0.00111
0.00103
0.000909
0.000633
0.000769

0.000714
0.000666

0.225
0.225

0.224
0.224
0.223
0.222
0.221
0.220
3.219
0.202
0.185
0.183

0.180
0.182
0.186
3.189
8.194
0.202
0.211
0.220
0.229
3.238

0.246
0.254
0.262
0.270
0.278
0.286
0.293
0.301
3.308
0.315

.363

.376

.389

3.444
0.474
0.503
0.531
3.556
0.586
0.612
3.638
0.690
3.740

0.859
0.972

27.8
24.5

25.0
25.6
26.7

71.8
75.3
78.8

111.0
125.0
139.0
152.0
164.0
176.0
188.0
199.0
222.0
243.0

264.0
284.0
322.0
359.0
394.0
429.0
462.0
494.

G

525.0
556.0

586.0
615.0

0. 033636
3.300598
0.000537
0.000480
3.000417
3.000346
0.003331
0.003319
0.003 30 8

0.000294
3 . 27 9

0. 000263
3.000245
0. 000228
0.000211
0.000195
0.000206
0.000324
0.00 465

0.000611
O.OG0757
0.000903
0.00105
3.00120
0.00149
0.00160
3.00211
0.00244
0.00277

0.C0312
0.33348
0.00385
3.00423
0.00462
0.005C3
3.30544
0.00586
0.03629
3.00673

0.00718
3.C3811
D.3G908
3.0101
0.0111
C.0122
0.0133
0.0145

0.0176
0.3208
0.0243
0.3261
0.032C
0.0361
0.0405
0.0 45C

0.0946
0.128
0.166
0.206
0.253
0.302
0.354
C.4C9
0.530
0.664

0.611
0.970
1.32

1.05776
1.05681
1.05543
1.05356
1.G5106
1.34761
1.04675
1.34583
1.04489

1.04391
1.04264
1.04167
1.04037
1.33893
1.03732
1.03552
1.02532
1.01918
1.01580

1.01366
1.01215
1.01101
1.01U10
1.00935
1.00620
1.30733
1.03664
1.00608
1.03561

1.00522
1.00488
1.03456
1.00432
1.03409
1.03369
1.03370
1.03353
1.33338
1.00324

1.00311
1.03288
1.03269
1.03252
1.38237
1.33224
1.00212
1.03201

.03146

.03134

.03124

.03115

.0 3107

.03101

.03090

.03081

.00065

.00054

.03046

.03043

.03036

.03032

.00029

.03027

.03023

.00020

.03018

.00016

.00014

.03012

.00010

.03039

.00008

.03007

.03007

.03006

0.481
0.509
0.552
0.599
0.670
0.793
0.826
0.856
0.887

5.62
6.32

1.05
0.967
0.913
0.875
0.847
0.810
0.787
0.771
0.760
0.752

0.745
0.739
0.735
0.732
0.729
0.727
0.725
0.724
0.723
0.722

0.721
0.719
0.718
0.717
0.716
0.715
0.714
0.714

0.712
0.710
0.706
0.706
0.704
0.701
0.7C3
0.698
0.694
0.691

0.673
0.670
0.668
0.666
0.666
0.666
0.667
0.669
0.668
0.668

0.668
0.667
0.667
0.667
0.667
0.666
0.666
0.666
0.666
0.666

0.666
0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUM HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 1.

5.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K ** X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.126 0.06446
2.5 0.06488 67 2.0 2.52 3.673 6.960 1.826 1.690 1.79 268.6
3.0 0.06590 599.0 3.54 4.537 7.876 2.169 1.848 2.125 264.1
3.5 0. 06744 510.0 4.15 5.589 9.005 2.522 2.028 2.573 255.9
4.0 0.06964 415.0 4.46 6. 861 10.39 2.894 2.172 3.111 245.5
4.5 0.07277 320.0 4.46 8.421 12.11 3.298 2.336 3.837 230.7
5.0 0.07748 226.0 4.18 10.40 14.32 3.759 2.537 4.888 209.9
5.1 0.07973 209.0 4.09 10.86 14.85 3.861 2.579 5.148 205.5
5.2 0.08012 195.0 4.00 11.36 15.42 3.968 2.602 5.361 202.0
5.3 0.08151 179.0 3.90 11.84 15.97 4.073 2.586 5.623 198.5

5.1. O.OB304 163.0 3.80 12.34 16.55 4.181 2.598 5.937 194.2
5.5 0.08471. 147.0 3.69 12.86 17.16 4.293 2.613 6.301 189.8
5.6 0.08664 132.0 3.57 13.42 17.81 4.411 2.631 6.725 185.1
5.7 0. 08880 118.0 3.44 14.01 18.51 4.534 2.653 7.223 180.4
5.8 0.09128 104.0 3.31 14.64 19.26 4.666 2.678 7.809 175.5
5.9 0.09413 91.4 3.16 15.31 20.08 4.806 2.7 07 8.501 170.5
6.0 0.09747 79.6 3.01 16. 04 20.98 4.957 2.741 9.309 165.5
6.5 0.1250 46.8 2.17 20.57 26.91 5.905 2.960 13.36 146.2
7.0 0.1646 54.1 1.56 25.10 33.44 6.874 3.088 11.72 144.2
7.5 0.2020 69.8 1.22 28.54 38.77 7.610 3.104 9.736 148.9

e.o 0.2361 87.2 1.02 31.34 43.30 8.196 3.103 8.488 155.4
8.5 0.2674 104.0 0.884 33.79 47.34 8.685 3.101 7.709 162.2
9.0 0.2968 121.0 0.786 36. 02 51.05 9.110 3.100 7.197 168.7
9.5 0.3248 137.0 0.711 38.11 54.56 9.489 3.100 6.842 175.0

10.0 0.3516 152.0 0.651 40.10 57.91 9.834 3.101 6.585 181.0
11.0 0.4027 181.0 0.562 43.83 64.23 10.44 3.103 6.254 192.4
12.0 0.4517 209.0 0.497 47.42 70.31 10.97 3.107 6.046 202.9
13.0 0.4995 235.0 0.447 50.91 76.22 11.44 3.112 5.904 212.7
l<t.O 0.5463 261.0 0.407 54.35 82.02 11.87 3.116 5.799 221.9
15.0 0.5924 286.0 0.373 57.73 8 7.74 12.27 3.120 5.719 230.6

16.0 0.6378 311.0 0.345 61.11 93.42 12.63 3.123 5.648 238.7
17.0 0.6827 335.0 0.321 64.46 99.04 12.97 3.125 5.592 246.5
18.0 0.7271 359.0 0.300 67.77 104.6 13.29 3.126 5.546 254.0
19.0 0.7712 382.0 0.282 71. 07 110.1 13.59 3.127 5.507 261.2
20.0 0.8149 405.0 0.266 74.35 115.6 13.87 3.128 5.475 268-1
21.0 0.8583 428.0 0.252 77.61 121.1 14.14 3.128 5.447 274.9
22.0 0.9015 451.0 0.239 80.85 126.5 14.39 3.128 5.424 281.4
23.0 0.9445 473.0 0.228 84. 09 131.9 14.63 3.128 5.403 287.8
24.0 0.9873 496.0 0.217 87. 31 137.3 14.86 3.129 5.386 294.0
25.0 1.030 518.0 0.208 90.53 142.7 15.08 3.128 5.370 300. C

26.0 1.072 540.0 0.199 93.74 148.1 15.29 3.128 5.356 305.9
28.0 1.157 583.0 0.184 100.1 158.8 15.69 3.128 5.333 317.4
30.0 1.241 627.0 0.171 106.5 169.4 16.06 3.128 5.314 328.4
32.0 1.325 670.0 0.16C 112.9 180.0 16.40 3.127 5.299 339.0
34.0 1.409 712.0 0.150 119.2 190.6 16.72 3.127 5.286 349.3
36.0 1.49 3 755.0 0.141 125.5 201.2 17.02 3.126 5.276 359.2
38.0 1.576 797.0 0.134 131.9 211.7 17.31 3.126 5.267 368.8
40.0 1.65 9 83 9.0 0.127 138.2 222.2 17.58 3.125 5.259 378.2

45.0 1.866 944.0 0.112 153.9 248.5 18.19 3.124 5.244 400.7
50.0 2.073 1050.0 0. 101 169.6 274.7 18.75 3.124 5.234 421.9
55.0 2.280 1150.0 0.0915 185. 3 300.8 19.24 3.123 5.226 442.0
60.0 2.486 1260.0 0.0837 201. 326.9 19.70 3.122 5.220 461.2
65.0 2.692 1360.0 0.0772 216.7 35 3.0 20.12 3.122 5.216 479.7
70.0 2.898 1460.0 0.0717 232.3 379.1 20.50 3.121 5.212 497.4
75.0 3.103 1570.0 0.0668 247.9 405.2 20.86 3.121 5.209 514.6
80.0 3.309 1670.0 0.0626 263.6 431.2 21.20 3.121 5.207 531.1
90.0 3.720 1870.0 0.0556 294.8 483.2 21.81 3.120 5.204 562.8
100.0 4.130 2080.0 0.0501 326.0 535.3 22.36 3.120 5.201 592.8

125.0 5.156 2590.0 0.0400 4 04.0 665.3 23.52 3.119 5.198 661.7
150.0 6.181 3110.0 0.0333 482.0 795.2 24.47 3.118 5.196 724.1
175.0 7.205 3620.0 0.C286 560.0 925.0 25.27 3.118 5.195 781.5
200.0 8.231 4130.0 0. 0250 637.9 1055.0 25.96 3.118 5.194 835.0
225.0 9.256 464 0.0 0.0222 715.8 1185. 26.57 3.117 5.194 885.3
250.0 10.28 5160.0 0.0200 793.8 1315.0 27.12 3.117 5.194 932.8
275.0 11.31 5670.0 0.C182 871.7 1444. 27.62 3.117 5.193 978.1
300.0 12.33 6180.0 0.C167 949.6 1574.0 28.07 3.117 5.193 1021.0
35 0.0 14.38 7200.0 0. 0143 1105. 1834.0 28.87 3.117 5.193 1103.0
400.0 16.43 8230.0 0.0125 1261.0 2094.0 29.56 3.117 5.193 1179.0

45 0.0 18.48 9250.0 0.0111 1417.0 2353.0 30.17 3.117 5.193 1250.0
500.0 20.53 10300.0 0.0100 1573.0 2613.0 30.72 3.117 5.193 1317.0
600.0 24.63 12300.0 0.00833 1884.0 3132.0 31.67 3.117 5.193 1443.0
700.0 28.73 14400.0 0.00714 2196. 3651.0 32.47 3.116 5.193 1558.0
800.0 32.83 16400.0 0.00625 2508. 4171.0 33.16 3.116 5.193 1665.0
900.0 36.93 18500.0 0.00555 2819. 4690.0 33.77 3.116 5.193 1766.0

1000.0 41.02 20500.0 0.00500 3131. 5209.0 34.32 3.116 5.193 1861.0
1100.0 45.12 22600.0 0.00454 3442.0 5729.0 34.82 3.116 5.193 1952.0
120 0.0 49.22 24600.0 0. 00417 3754.0 6248.0 35.27 3.116 5.193 2039.0
1300.0 53.32 2 6700.0 0.00385 4066. 6767.0 35.68 3.116 5.193 2122.0

1400.0 57.42 28700.0 0.00357 4377.0 7286.0 36.07 3.116 5.193 2202.0
1500.0 61.52 30800.0 0. 00333 4689. 7806.0 36.43 3.116 5.193 2279.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



5.0 ATMOSPHERE IS08AR

EMPERATURE OE1SITT VfDH/OV)
P

VCOP/OUI

DECK G/CC
IOC

J/G ATM-CC/J

2.126 15.51
2.3 15. 41 73.7 9.67
3.0 15.1? 54.5 12.6
3.5 14.83 46.8 13.8
4.0 14.35 41.7 14.3
4.5 13.74 37.

a

13.9
5.0 12.91 34.1 12. a

5.1 12.70 33.4 12.5

5.4 12.04 30.7
5.5 11.80 29.7
5.6 11.54 28.

a

5.7 11.25 27.9
5.8 10.95 27.0
5.9 10.62 26.1
6.0 10.26 25.3
6.5 7.999 23.0
7.0 6.077 24.7
7.5 4.951 27.5

8.0 4.236 30.7
8.5 3.739 34.1
9.0 3.369 37.4
9.5 3.079 40.6
0.0 2.844 43.8
1.0 2.484 50.1
2.0 2.214 56.2
3.0 2.002 62.2
4.0 1.830 68.1
5.0 1.688 74.0

THERMOPHTSICAL PROPERTIES OF HELIUM 4

-«(OP/OV)T IDV/OTI/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

ATM 1/OEG.K HK/CM-K G/CM-S SO-CM/S
•• X 1000000

04.0 0.0243 0.173 48. 0.000646 1.05806 0.482
90.9 0.039u 0.195 46.9 0.0006C6 1.05715 0.511
75.6 0.0549 J. 208 44.6 0.000545 1.05582 0.552
59.7 0.0747 0.219 41.9 0.000490 1.05403 0.594
44-0 0.101 0.227 38.9 0.000431 1.05166 0.657
29.1 0.143 J. 230 35.8 0.000365 1.04848 0.759
26.5 0.154 0.230 35.1 0.000352 1.04770 0.786
24.3 0.165 0.229 34.4 0.000342 1.04686 0.8C7
21.9 0.176 0.229 33.9 0.000332 1.04605 0.831

19.6 0.194 0.228 33.3 0.000319 1.04519 0.865
17.4 J. 212 0.229 32.7 0.0G03G7 1.04427 0.901
15.3 C.233 0.228 32.1 0.000294 1.04329 0.946
13.3 0.259 0.227 31.5 0.000280 1.04222 1.00
11.4 0.289 0.227 30.8 0.000265 1.04106 1.06
9.71 0.326 3.226 30.2 0.000250 1.03980 1.14
8.17 0.368 0.224 29.5 0.0C0235 1.03842 1.23
3.74 0.581 0.214 26.3 0.000200 1.02988 1.64
3.29 0.474 0.197 24.6 0.000276 1.02265 1.47
3.46 0.354 0.189 24.2 0.000391 1.01843 1.25

3.69 0.276 0.187 24.3 0.000519 1.01576 1.10
3.90 0.226 0.187 24.6 0.000650 1.01390 1.01
4.08 0.193 0.190 25.0 0.000784 1.01252 0.947
4.22 0.168 0.193 25.5 0.000918 1.01144 0.902
4.33 0.150 0.197 26.0 0.00105 1.01056 0.869
4.50 0.125 0.205 27.1 0.00132 1.00922 0.827
4.62 0.108 0.214 28.3 G.0016C 1.00822 0.800
4.71 0.0949 0.223 29.5 0.00189 1.00743 0.782
4.78 0.0851 0.231 33.7 0.00218 1.00679 0.769
4.83 0.0773 0.240 31.8 0.00248 1.00626 0.759

4.88 0.0708 0.248 33.0 0.00280 1.00581 0.751
4.91 0.0654 0.256 34.1 0.00313 1.00543 0.745

18.0 1.375 91.2 6.98 4.94 0.0638 0.264 35.2 0.00346 1.00510 0.740
19.0 1.297 96.8 6.95 4.96 0.0569 0.272 36.3 0.00361 1.00481 0.736

4.97 0.0535 0.280 37.4 0.00416 1.00455 0.733
4.99 0.0505 0.287 38.5 0.00453 1.00432 0.730

22.0 1.109 113. G 6.89 5.00 0.0478 0.295 39.6 0.00490 1.00411 0.728
5.01 0.0454 0.302 40.6 0.0G528 1.00392 0.726

.0 1.013 124.0 6.85 5.02 0.0433 0.3G9 41.6 0.0C567 1.00375 0.725
6.84 5.03 0.0413 0.316 42.6 0.00607 1.00360 0.724

6.83 5.03 0.0396 0.323 43.6 0.00647 1.01346 C.723
6.81 5.04 0.0365 0.337 45.6 0.00731 1.00320 0.721
6.79 5.05 0.0339 0.351 47.5 0.00819 1.00298 0.719
6.77 5.05 0.0316 0.364 49.3 0.00910 1.00280 0.718
6.76 5.05 0.0297 0.377 51.1 0.010C 1.33263 0.717
6.75 5.06 0.0279 0.390 52.9 0.0110 1.00248 0.716
6.73 5.06 0.0264 0.402 54.6 0.0120 1.33235 0.715
6.72 5.06 0.0250 0.415 56.3 0.0131 1.00223 0.714

6.71 5.06 0.0222 0.445 60.4 0.0158 1.00198 0.712
6.69 5.06 C.0199 3.475 64.4 0.0188 1.03179 0.710
6.68 5.05 0.0181 0.513 68.2 0.0220 1.00162 0.708
6.67 5.05 0.0166 0.532 71.9 0.0253 1.03149 0.706

65.0 0.3715 341.0 6.66 5.05 0.0153 0.559 75.4 0.0289 1.03138 0.704
70.0 0.3451 367.0 6.65 5.G5 0.0142 0.586 78.9 0.0326 1.03128 0.702
75.0 0.3222 393.0 6.65 5.05 3.3132 0.613 82.3 0.0365 1.00119 0.700

5.04 0.0124 0.639 85.6 0.0406 1.00112 0.698
90.0 0.2689 471.0 6.63 5.04 0.0110 0.690 92.1 0.0493 1.03100 0.694
30.0 0.2421 523. 6.63 5.04 0.00994 0.740 98.3 0.0588 1.00093 0.691

125.0 0.1940 653.0 6.62 5.03 0.00796 0.860 111.0 0.0853 1.00372 0.673
150.0 0.1518 783.0 6.61 5.03 0.00663 0.973 125.0 0.116 1.00060 0.670
175.0 0.1388 913.0 6.60 5.02 0.00569 1.08 139.0 0.150 1.C3051 0.668
200. D 0.1215 1040.0 6.60 5.02 0.00498 1.18 152.0 0.187 1.00045 0.666
225.0 0.1080 1170.1 6.60 5.02 0.00443 1.28 164.0 0.228 1.00040 0.666
250.0 0.09727 1300.0 6.59 5.01 0.00399 1.3? 176.0 0.272 1.00036 0.666
275.0 0.08845 1430.0 6.59 5.01 0.00363 1.46 188.0 0.319 1.03033 0.667
330.0 0.08110 1560.0 6.59 5.01 0.00332 1.55 199.0 0.368 1.00030 0.668
350.0 0.06954 1820.0 6.59 5.01 3.00285 1.72 222.0 0.477 1.00026 0.668
400.0 0.06087 2080.3 6.59 5.01 0.00249 1.89 243.0 0.598 1.00023 0.668

450.0 0.05412 2340.0 6.59 5.01 C.J3222 2.05 264.0 0.730 1.00020 0.668
500.0 0.04871 2600.0 6.59 5.01 3.30200 2.21 284.0 0.873 1.00018 0.667
603.0 0.04061 3120.0 6.58 5.01 0.00166 2.51 322.0 1.19 1.00015 0.667
700.0 0.03481 3640.3 6.58 5.00 G.UG143 2.80 359.0 1.55 1.03013 0.667
800.0 0.03046 4160.0 6.58 5.00 0.00125 3.07 394.0 1.94 1.C0011 0.667
900.0 0.02708 4680.0 6.58 5.00 0.00111 3.34 429.0 2.37 1.03010 0.666
1030.0 0.02438 5200.0 6.58 5.00 1.00100 3.60 462.0 2.84 1.00009 0.666
1100.0 0.02216 5720.0 6.58 5.00 C. 000908 3.85 494.0 3.35 1.00008 0.666
1200.0 0.02032 6240.0 6.58 5.00 0.300833 4.1u 525.0 3.88 1.00008 0.666

1300.0 0.01875 6750.0 6.58 5.00 0.003769 4.34 556.0 4.45 1.03007 0.666

1 375 91 2

1 297 96 8

1 227 102 D

1 155 108 O

1 .109 113
1 059 119 a

1 013 124
9710 130

9325 135
8542 145
8056 157 D

a .7545 168
7097 178
6700 189 O

6346 199
6027 210

5358 236
4823 263
4386 289
4023 315
.3715 341
3451 367
3222 393

11 .3022 419
.2689 471
2421 523

.1940 653

.1518 783

.1388 913
1215 1040 D

1080 1170
09727 1300
08845 1430
08110 1560
.06954 1820
06087 2U80

05412 2340
.04871 2600
.04061 3120
.03481 3640 1

.03046 4160

.02708 4680
a .02438 520U
.02216 5720
.02032 6240
.01875 6750 a

.01741 7270

.01625 7790
.000714 4.57 586.0
.003666 4.80 615.0



THERMODYNAMIC PROPERTIES OF HELIUM t*

5.5 ATMOSPHERE IS09AR

TEMPERATUR E VCLUHE ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/S DERIVATIVE DERIVATIVE ENERGY OF SOUNO

DEC K *• * .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.121 0.06416
2.5 0. 06*56 694.0 2.50 3.661 7.259 1.814 1.671 1.765 272.6
3.0 0.06553 622.0 3.55 4.509 8.161 2.153 1.840 2.104 268.3
3.5 0.05700 533.0 4. 18 5.541 9.274 2.502 2.019 2.540 260.7
4.0 0.06908 440.0 4.51 6.765 10.63 2.667 2.161 3.055 251.0
"..5 0.07200 345.0 4.54 8.302 12.32 3.262 2.324 3.735 237.1
5.0 0.07528 252.0 4.29 10.20 14.45 3.707 2.521 4.674 217.7
5.1 0.07739 236.0 4.22 10.65 14.96 3.805 2.561 4.897 213.6
5.2 0.07361 222.0 4.13 11.12 15.50 3.906 2.582 5. 092 210.5
5.3 0.07982 206.0 4.05 11.57 16.02 4.004 2.565 5.283 207.4

5.". 0.03112 190.0 3.95 12.03 16.56 4.1C6 2.574 5.532 203.5
5.5 0.08256 175.0 3.85 12.52 17.12 4.210 2.587 5.813 199.5
5.6 0.081.1". 160.0 3.75 13.03 17.72 4.318 2.602 6. 132 195.4
5.7 0.08589 145.0 3.64 13.57 16.35 4.430 2.619 6.495 191.1
5.8 0.08765 131.0 3.52 14.13 19.02 4.547 2.640 6.911 186.7
5.9 0.09005 118.0 3.39 14.72 19.74 4.670 2.663 7.368 182.2
6.0 0.0925". 106.0 3.26 15.36 20.51 4.799 2.669 7.932 177.7
6.5 0.1116 61.6 2.53 19.18 25.40 5.581 2.863 11.36 157.4
7.0 0.1432 5 7.1 1.86 23.66 31.65 6.507 3.041 11.83 150.0
7.5 0.1753 69.3 1.44 27.31 37.14 7.266 3.084 10.16 152.1

8.0 0.2075 84.8 1.19 30.31 41.88 7.878 3.094 8.867 157.1
8.5 0.2366 101.0 1.02 32.91 46.09 8.369 3.095 8.031 163.1
9.0 0.26>>0 118.0 0.898 35.25 49.96 8.831 3.096 7.452 169.3
9.5 0.2900 134.0 0.807 37.42 53.58 9.222 3.097 7.047 175.4

10.0 0.3149 149.0 0.736 39.47 57.02 9.576 3.099 6.752 181.4
11.0 0.3621 178.0 0.632 43.30 63.48 10.19 3.101 6.372 192.7
12.0 0.4J74 206.0 0.557 46.94 69.64 10.73 3.106 6.137 203.2
13.0 0.4514 233.0 C.499 50.48 75.63 11.21 3.111 5.977 213.0
14.0 0.4944 259.0 0.453 53.94 81.50 11.65 3.116 5.861 222.3
15.0 0.5367 285.0 0.415 57.36 87.27 12.04 3.120 5.772 231.0

16.0 0.5784 310.0 0.383 60.77 93.00 12.41 3.123 5.694 239.2
17.0 0.6195 334.0 0.356 64.14 96.66 12.76 3.125 5.632 247.0
18.0 0.6602 358.0 0.333 67.47 104.3 13.08 3.127 5.581 254.5
19.0 0.7005 382.0 0.312 70.79 109.6 13.38 3.128 5.538 261.7
20.0 0.74 4 405.0 0.294 74. 08 115.3 13.66 3.129 5.503 268.7
21.0 0.7801 428.0 0.27e 77.36 120.8 13.93 3.129 5.472 275.4
22.0 0.8196 451.0 0.264 80.62 126.3 14.16 3.129 5.447 262.0
23.0 0.85 8 8 474.0 0.251 83.87 131.7 14.43 3.130 5.424 288.4
24.0 0.8979 496.0 0.240 87.10 137.1 14.66 3.130 5.404 294.6
25.0 0.9368 518.0 0.229 90.33 142.5 14.88 3.130 5.387 300.6

26.0 0.9756 540.0 0.220 93.55 147.9 15.09 3.130 5.372 306.6
28.0 1.053 584.0 0.203 100. 158.6 15.46 3.129 5.346 318.0
30.0 1.130 628.0 0.189 106.4 169.3 15.65 3.129 5.326 329.0
32.0 1.206 671.0 0.176 112.7 179.9 16.20 3.128 5.309 339.6
34.0 1.282 714.0 0.165 119.1 190.5 16.52 3.126 5.295 349.9
36.0 1.358 756.0 0.156 125.4 201.1 16.82 3.127 5.284 359.8
38.0 1.43 4 799.0 0.147 131.7 211.7 17.10 3.127 5.274 369.5
40.0 1.510 841.0 0. 14C 138.1 222.2 17.38 3.126 5.266 378.8

45.0 1.699 946.0 0.124 153.8 248.5 17.99 3.125 5.249 401.3
50.0 1.887 1050.0 C. Ill 169.6 274.7 16.55 3.124 5.238 422.4
55.0 2.075 1150.0 0.101 185.3 300.9 19.05 3.124 5.229 442.6
60.0 2.26 2 1260.0 0.0922 200.9 32 7.0 19.50 3.123 5.223 461.8
65.0 2.45 1360.0 0.0850 216.6 353.1 19.92 3.122 5.218 480.2
70.0 2.63 7 1470.0 0.0789 2 32.3 379.2 20.30 3.122 5.214 498.0
75.0 2.824 157 0.0 0.0736 247.9 405.3 20.66 3.121 5.211 515.1
80.0 3.011 1670.0 0.0669 263.5 431.3 21.00 3.121 5.209 531.6
90.0 3.384 1880.0 0.0612 294.8 483.4 21.61 3.120 5.205 563.3
100.0 3.75 7 2080.0 C. C551 326. 535.4 22.16 3.120 5.202 593.2

125.0 4.69 260 0.0 0.0440 404.0 665.4 23.32 3.119 5.198 662.1
15 0.0 5.622 3110.0 0.0367 482.0 795.3 24.27 3.118 5.196 724.5
175.0 6.554 3620.0 0. 0314 560.0 925.2 25.07 3.118 5.195 781.9
200.0 7.48 6 4130.0 0.0275 637.9 1055.0 25.76 3.118 5.194 835.3
225.0 8.417 4650.0 0.0244 715.8 1185.0 26.38 3.118 5.194 865.6
250.0 9.349 5160.0 0. 0220 793.8 1315.0 26.92 3.117 5.194 933.1
275.0 10.23 5670.0 0. 0200 871.7 1445.0 27.42 3.117 5.193 978.3
300.0 11.21 6180.0 0.0183 949.6 1574.0 27.87 3.117 S.193 1022.0
350.0 13.08 7210.0 0.0157 1105.0 1834.0 28.67 3.117 5.193 1103.0
1.00.0 14.94 8230.0 0.0137 1261.0 2094.0 29.36 3.117 5.193 1179.0

450.0 16.80 9260.0 0.0122 1417.0 2353.0 29.98 3.117 5.193 1250.0
500.0 18.66 10300.0 0.0110 1573.0 2613.0 30.52 3.117 5.193 1317.0
600.0 22.39 12300.0 D.C0916 18 84.0 3132.0 31.47 3.117 5.193 1443.0
700.0 26.12 14400.0 0.00786 2196. 3652.0 32.27 3.117 5.193 1558.0
800.0 29.84 16400.0 0. 00687 2506. 4171.0 32.96 3.116 5.193 1665.0
9CC.0 33.57 18500.0 0. 00611 2619. 4690.0 33.58 3.116 5.193 1766.0

1000.0 37.30 2C500.0 0.00550 3131.0 5209.0 34.12 3.116 5.193 1861.0
1100.0 41.02 22600.0 0.00500 3442.0 5729.0 34.62 3.116 5.193 1952.0
1200.0 44.75 24600.0 0. 00458 3754.0 6248.0 35.07 3.116 5.193 2039.0
1300.0 48.48 26700.0 0.00423 4066. 6767.0 35.46 3.116 5.193 2122.0

1400.0 52.20 28700.0 0.00393 4377.0 7287.0 35.87 3.116 5.193 2202.0
1500.0 55.93 30800.0 0.00367 4689.0 7806.0 36.23 3.116 5.193 2279.0

TWO-PHASE 90UNOARY
NUMBERS IN THIS COLUH HAVE BEEN MULTIPLIEC BY THE INDICATED FACTOR



5.5 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM

ENSITY V(DH/OV>
P

VIOP/OUI -V (OP/DVI (OV/OT)/V
P

c/cc J/O ATH-CC/J AIM 1/DEO.K
• X 100

THERMAL VISCOSITY
CONDUCTIVITY

MH/CM-K G/CM-S
•• X 10 000CO

THERMAL
OIFFUSIVITY

SQ-CM/S

2.121 15. 5S

9.0
9.5

10.0
11.0
12.0
13.0
1*.0
15. D

16.0
17.0
18.0

36.0
33.0
1.0.0

70.0
75.0

100.0

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0

1.50.0

500.0
60 0.0
700.0
800.0
900.0
1000.0
1100.0
120 0.0
1300.0

1*0 0.0

1500.0

1". *8 63 1

13 8? 39 *

13 .11 36 O

12 92 35 3

12 .72 3* 7

12 53 33 7

12 33 32 8

12 11 31 9

11 .89 31 1
11 61. 30 2

11 38 29 *

11 10 28 6

10 81 27 8

a 959 24 8

6 981 25 l>

S 672 27 7

* 819 30 6
<t 226 33 8

3 .788 37

3 *»9 1.0 2

3 176 63 *
2 752 <>9 7

Z ".55 55 S
2 216 61 9
2 023 67 6

1 663 73 7

1 729 79 6
1 611. 85 *

1 515 91 1

1 •28 96 7

1 351 102 1

1 282 108
1 220 113
1 16* 119
1 1U 121.

1 067 130

1 025 135
91.99 11.6

8853 157
6291 168
7798 178
7362 189
6972 200
6523 210

5887 237
5300 263
1.820 289
»»20 315
1.082 3*1
3793 368 D

.351.2 39*
3322 *20
2955 *72
2561 52*

D 2132 65*
1779 78*
.1526 91*
1336 10*0

a 1188 1170
.1070 1300
09727 1*30
.06919 1560
0761.8 1820

a 06691. 2080

05952 23*0
.05358 2600 a

01.1.66 3120
.03829 36*0
.03351 *160
02979 *680
.02681 5200
.021.38 5720
.02235 62*0
.02063 6750

.01916 7270

.01788 7790

12.6
13.9

12.6
12.6

12.5
12.3
12.1
11.9
11.7
11.5
11.2
9.85
8.75
8.23

6.96
6.9*

6.76
6.75

5.57
5.57

5.51
5.50

0.0232
0.037*
0.0525
0.0703
0.09*7
0.130
0.139
0.1*7
0.157

0.169
0.182
0.197
0.215
0.235
0.259
0.286
0.*58
0.*66

0.290
0.238
0.202
0.175
0.156
0.128
0.110
0.0966
0.086*
0.0783

3.0716
0.0660
0.0613

. 5 73

0.0538
0.0507
0.0*30
0.0*56
C.0*3*
0.0*15

0.0397
0.0366
C.0339
0.0317
0.0297
0.0280
0.026*
0.0250

0.0222
0.0199
0.0181
0.0166
0.ul53
0.01*2
0.0132
0.312*
0.0110

. 99 3

0.00795
0.10663
0.30569
0.00*98
0.00**3
0.00399

. 36 2

0.00332
0.00285
0.002*9

0.00222
0.00200
0.30166
0.001*3
0.00125
0.00111
0.00103
0. 000903
3.00J833
D. 000769

0.00071*
3.000666

0.179
0.197
0.210
0.221
0.230
0.2 3*
0.23*
0.23.
0.2 3*

0.233
0.233
3.233
0.232
0.232
3.231
0.230
0.222
0.208
0.197

0.193
3.193
0.195
3.197
3.201
0.208
0.217
0.225
0.23,

3.266
0.27*
0.281
0.289
0.296
0.303
3.311
0.318

0.325
0.333
0.352
0.365
0.378
0.391

1.55
1.72

2.21
2.51
2. 80

39.8
36.7
36.1

33.8
33.2

111. j

125.0
139.0
152.0
16*.
176.0
188.0
199.0
222.0
2*3.0

322.0
359.0

*9*.0
525.

C

556.0

586.0
615.0

0.000656
0.000613
0.000553
0.03C500
0.000**3
3.0003S2
0.000 37
0.000 361
3.000353

0.0 00 3*2
3.03C331
0.000319
0.000307
0.000295
0.00C282
0.003268
0.000218
0.000251

. G 3* 3

0.000*52
C. 000569
0.000690
0.0 00 812
0.000936
0.00118
0.001**
0.00170
0.00197
0.00225

0.0025*
0.0023*
0.00315
0.003*6
0.0 379
0.00*12
0.00**6
0.00*80
0.00516
0.0C552

0.0 059C
0.00666
0.007*b
0.00829
0.03915
o.oio:
0.0110
0.0119

0.01**
0.0171
0.0200
0.0231
0.0263
C.C297
0.0332
0.0370
0.0**5
0.0535

C.C776
0.105
0.136

.290

.3 35
,*3*
.5**

05835
.057*7
.05619
.05**7
.05223

*925
.0*85*

*777
.0*70*

.0*627
»5*6

.0**59
*367

.0*268
*163

.0*0*9

.03350

.02605

.02113

.01793

.01572

.01*08

.01282

.01130

.01025

.03911
3822

.00750
0691

.036*1
0599

.00562
30529
03531

.03*75
00*52

.03*32
*13

.0 3396

.0 0380

.0 335 2

.00328
0307
3289

.00273

.00258
032*5

00218
03196
.00179
.0.16*
.00151
301*0

.00131
0123

.00109

.00U66
00056
oj;*9
.030**
.000*0
OJ036
0c033

.03128

.03325

.03022
33C20

.00017

.512

.552

.591

C.7 56
0.772
0.789

0.81*
0.8*3
0.875
0.913
0.957
1.01
1.07

0.978
0.928
0.891
0.8*2
0.812
0.791
3.777
0.766

0.757
0.750
0.7**
0.7*0
0.7 36
0.733
0.731
0.729
0.727
0.726

0.72*
0.722
0.721
0.719
0.718
0.717
0.716
0.715

0.713
0.710
0.703
0.706

0.673
0.670
0.663
0.666
0.666
0.666
0.667
0.668
0.668
0.668

0.668
0.667
0.667
0.667
0.667
3.666
0.666
0.666
0.666
0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

6.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K *» X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

* 2.115 0.06388
2.5 0. 064 26 716.0 2.48 3.650 7.557 1.803 1.652 1.742 276.5
3.0 0. 06519 644.0 3.55 4.483 8.446 2.137 1.832 2.084 272.4
3.5 0.06658 556.0 4.20 5.497 9.545 2.482 2.010 2.510 265.2
4.0 0.06855 464.0 4.56 6.716 10.88 2.842 2.151 3. 005 256.2
4.5 0.07130 370.0 4.61 6. 195 12.53 3.229 2.312 3.647 243.1
5.0 0.07523 278.0 4.40 10.03 14.61 3.661 2.5 06 4.502 224.9
5.1 0.07623 261.0 4.33 10.46 15.09 3.754 2.545 4.698 221.1
5.2 0.07732 248.0 4.26 10.90 15.61 3.851 2.565 4.666 218.3
5.3 0.07839 232.0 4.18 11.33 16.10 3.945 2.546 5.023 215.5

5.4 0.07954 217.0 4. 09 11.78 16.61 4.041 2.554 5.228 211.9
5.5 0.08078 201.0 4.00 12.24 17.15 4.139 2.565 5.457 208.3
5.6 0.08214 186.0 3.91 12.71 17.71 4.240 2.578 5.711 204.5
5.7 0.08362 172.0 3.80 13.21 18.29 4.343 2.593 5.996 200.6
5.8 0.08525 158.0 3.70 13.73 18.91 4.451 2.610 6.315 196.6
5.9 0.08704 144.0 3.59 14.27 19.56 4.563 2.630 6.672 192.6
6.0 0.08904 131.0 3.47 14.84 20.25 4.679 2.652 7.072 166.4
6.5 0.1033 80.8 2.82 18.16 24.46 5.353 2.794 9.705 168.6
7.0 0.1275 63.5 2.15 22.28 30.03 6.179 2.964 11.38 157.1
7.5 0.1566 71.2 1.67 26.14 35.66 6.956 3.057 10.36 156.4

8.0 0.1848 84.5 1. 36 29. 30 40.53 7.586 3.080 9.181 159.8
6.5 0.2117 10O.0 1. 16 32.02 44.89 6.115 3.088 8.307 164.6
9.0 0.2371 115.0 1.02 34.47 48.88 8.571 3.091 7.686 170.5
9.5 0.2613 131.0 0.909 36.72 52.61 8.974 3.094 7.241 176.3

10.0 0.2845 146.0 0.825 36.64 56.14 9.336 3.096 6.913 182.0
11.0 0.3285 176.0 0.704 42.75 62.73 9.97 3.099 6.487 193.1
12.0 0.3706 204.0 0.616 46.46 68.99 10.51 3.104 6.226 203.6
13.0 0.4114 231.0 0.552 50. 04 75.05 11.00 3.110 6.049 213.4
14.0 0.4512 258.0 0.500 53.54 80.97 11.44 3.115 5.921 222.7
15.0 0.4934 283.0 0.458 56.98 66.80 11.84 3.120 5.824 231.5

16.0 0.5289 309.0 0.422 60.42 92.58 12.21 3.123 5.739 239.7
17.0 0.5669 333.0 0.391 63. 81 96.28 12.56 3.126 5.671 247.5
18.0 0.6044 358.0 0.365 67.16 103.9 12.88 3.128 5.615 255.1
19.0 0.6416 382.0 0.343 70.51 109.5 13.18 3.129 5.569 262.3
20.0 0.6784 405.0 0.323 73.82 115.1 13.47 3.130 5.530 269.3
21.0 0.7150 428.0 0.305 77.11 120.6 13.74 3.130 5.497 276.0
22.0 0.7513 451.0 0.290 80.36 126.1 13.99 3.131 5.469 262.6
23.0 0.7874 474.0 0.275 83.64 131.5 14.24 3.131 5.444 269.0
24.0 0.8234 497.0 0.26 3 86.89 136.9 14.47 3.131 5.423 295.2
25.0 0.8592 519.0 0.251 90.13 142.4 14.69 3.131 5.404 301.3

26.0 0.8949 541.0 0.241 93. 35 147.6 14.90 3.131 5.388 307.2
28.0 0.96 5 8 585.0 0.222 99.8 158.5 15.30 3.130 5.360 318.7
30.0 1.036 629.0 0.206 106.2 169.2 15.67 3.130 5.338 329.7
32.0 1.107 672.0 0.193 112.6 179.9 16.01 3.129 5.319 340.3
34.0 1.177 715.0 0.181 118.9 190.5 16.33 3.129 5.304 350.5
36.0 1.247 758.0 0.170 125.3 201.1 16.64 3.128 5.292 360.4
38.0 1.316 801.0 0.161 131.6 211.6 16.92 3.128 5.261 370.1
1.0.0 1.386 843.0 0.152 138.0 222.2 17.19 3.127 5.272 379.5

1(5.0 1.559 948.0 0.135 153.7 248.5 17.61 3.126 5.254 401.9
50.0 1.732 1050.0 0.121 169.5 274.8 18.36 3.125 5.242 423.0
55.0 1.904 1160.0 0.110 185.2 300.9 18.86 3.124 5.233 443.1
60.0 2.076 1260.0 0. 101 200.9 327.1 19.32 3.124 5.226 462.3
65.0 2.248 1360.0 0.0928 216.5 35 3.2 19.74 3.123 5.220 480.8
70.0 2.419 1470.0 0.0861 232.2 379.3 20.12 3.122 5.216 498.5
75.0 2.591 15 7 0.0 0.0803 247.9 405.4 20.48 3.122 5.213 515.6
80.0 2.76 2 1670.0 0. 0752 263.5 431.4 20.82 3.121 5.210 532.1
90.0 3.104 1680.0 0. 0668 294.8 483.5 21.43 3.121 5.206 563.7

100.0 3.447 2090.0 0. 0601 326.0 535.5 21.96 3.120 5.203 593.6

125.0 4.302 26 0.0 0.0480 404. 665.5 23.14 3.119 5.199 662.5
15 0.0 5.156 3110.0 0.0400 482. 795.5 24.09 3.119 5.196 724.8
175.0 6.010 3620.0 0.0343 560. 925.4 24.89 3.118 5.195 782.2
2OC.0 6.864 414C.0 0. 0300 637.9 1055.0 25.58 3.118 5.194 835.6
225.0 7.718 4650.0 0. 0267 715.9 1185.0 26.20 3.118 5.194 885.8
250.0 8.572 5160.0 0.0240 793.8 1315.0 26.74 3.118 5.194 933.4
275.0 9.426 56 7 0.0 0.0216 871.7 1445. 27.24 3.117 5.193 978.6
300.0 10.28 6190.0 0.0200 949.6 1575.0 27.69 3.117 5.193 1022.0
350.0 11.99 7210.0 0. 0171 1105. 1834.0 28.49 3.117 5.193 1103.0
1.00.0 13.70 8230.0 0. 0150 1261. 2094.0 29.18 3.117 5.193 1179.0

1.50.0 15.40 926G.0 0.0133 1417. 2354.0 29.8 3.117 5.193 1250.0
500. 17.11 10300.0 0.0120 1573.0 2613.0 30.34 3.117 5.193 1317.0
600.0 20.53 12300.0 0.0100 1885.0 3132.0 31.29 3.117 5.193 1443.0
700.0 23.94 14400.0 C. 00857 2196.0 3652.0 32.09 3.117 5.193 1556.0
600.0 27.36 16400.0 0.00750 2508.0 4171.0 32.78 3.117 5.193 1665.0
900.0 30.78 18500.0 0.00667 2819. 4690.0 33.39 3.117 5.193 1766.0

10C0.O 34.19 205CC.0 C. 00600 3131.0 5210.0 33.94 3.116 5.193 1662.0
1100.0 37.61 22600.0 C. 00545 3443. 5729.0 34.44 3.116 5.193 1952.0
1200.0 41.02 24600.0 0. 00500 3754.0 6248.0 34.89 3.116 5.193 2039.0
1300.0 44.44 26700.0 0.00461 4066.0 6767.0 35.30 3.116 5.193 2122.0

1400.0 47.86 28700.0 0.00428 4377.0 7287.0 35.69 3.116 5.193 2202.0
1500.0 51.27 30800.0 0.00400 4689.0 7806.0 36.05 3.116 5.193 2279.0

TWO-PHASE SOUNOARY
NUMBERS IN THIS COLUf HAVE BEEN HULTIPLIEC BY THE INDICATED FACTOR



6.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUH l>

EMPERATURE DENSITY VIOH7DV)
P

J/S

VIOP/OUI

DECK G/CC ATH-CC/J
•• X 10

2. 115 15.65
2.5 15.56 78.3 9.63
3.0 15.31. 58.0 12.6
3.5 15.02 i»9.9 13.9
4.0 Ik. 59 44.6 14.5
4.5 14.03 .1.0 14.2
5.0 13.29 37.8 13.2
5.1 13.12 37.2 13.0
5.2 12.93 36.7 12.8
5.3 12.76 35.6 12.9

5.1. 12.57 34.8 12.7
5.5 12.38 34. C 12.6
5.

a

12.17 33.2 12.4
5.7 11.96 32.4 12.3
5.9 11.73 31.5 12.1
5.9 11.1.9 30.8 11.9
6.0 11.23 30.1 11.7
6.5 9.691 26.9 10.4

-VIDP/DVI (OV/OTI/V THERMAL VISCOSITY THERMAL
T P CONDUCTIVITY OIFFUSIVITY

ATM 1/OEG.K MH/CM-K G/CN-S SO-CM/S
•• X 1000000

83.5
67.6
51.9
37.0
34.3
32.1
29.6

27.2
24.9

0.0222
C.0359
0.0503
0.0674
0.0890
0.119
u.126
G.133
0.141

0.150
0.161
0.172
0.185
0.205
0.216
0.235
0.360

28.2

0.181
3.198
0.211
0.223
0.232
0.237
3.238
0.238
0.238

0.238
0.238
0.237
3.237
0.237
3.236
3.235
0.229
3.218
0.206

27.2
26.1

0.000666
0.0C3620
0.000561
0.000509
0.0 0454
0.000396
0.000385
0.000378
0.300 371

O.OC0362
G.0C0352
0.000341
0.000330
0.000319
0.0003G8
0.000296
0. 00024*
0.000244
0.0 00 312

1.05863
1.C5778
1.05655
1.C5490
1.05275
1.04995
1.04929
1.04858
1.34791

1. 14721
1.0464?
1.04569
1.04487
1.04430
1.04308
1.04211
1.03623
1.02930
1.02381

0.483
0.514
0.552
0.588
0.639
0.714
0.732
0.745
0.757

0.777
0.799
0.825
0.854
0.886
0.924
0.966
1.25

8.5
9.0
9.5

10.0
11.0
12.0
13.0
14.0
15.0

.724

.218

.827

.514

.044

.699

.431

.216

.039

30.9
33.7
36.8
39.9
43.1
49.3
55.5

0.298
0.247
0.209
0.181
0.160
0.131
0.112

. 9 82

3 . 8 76
0.0792

3.201
3.199
0.230
0.202
3.205
0.212
0.219
0.228
0.236
3.244

0.000404
0.0Cu5C7
0.CC0616
0.0 00 728
0.000842
0.00107
0.00131
0.00155
0.00180
0.C02C6

1.02315
1. CI 75

8

1.C1569
1.01423
1.01306
1.01131
1.01002
1.00902
1.30822
1.00757

.952

.911

.857

.824

16.0
17.0
18.0
19.0

1.891
1.764
1.654
1.559

36.0
38.0

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
400.0

450.0
500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
1200.0
1300.0

1400.0
1500.0

1 474 102
1 399 108
1 331 113
1 270 119
1 214 124
1 154 130

1 118 135
1 035 146

9648 157
9036 168
8498 179
8022 189
7597 200
7216 210

6415 237
5775 263
5252 289
4817 316
4449 342
4134 368
3860 394
3621 420
3221 472
2901 524 D

2325 654
1939 784
1664 914
1457 1040
1296 1170
1167 1300
1061 1430
09727 1560
08342 1820
.07301 2080

06492 2340
05844 2600
04872 3120
.04177 3640
C3655 4160
03249 4680
02925 5200
02659 5720
02438 6240
02250 6760

.02090 7270
01950 7790

7.15
7.10
7.06
7.03
7.00
6.97
6.95

5.84
5.88

6.73
6.71

6.67
6.66

6.60
6.60
6.60

6.58
6.58

6.58
6.58

0.0723
0.0666
0.0618
0.0576
0.0541
0.0513
0.0482
0.0458
0.0436
C.0416

0.0398
0.0366
0.0340
0.0317
0.0297
0.0280
0.0264
0.0251

0.C222
0.3199

. 3 1 81
0.0166
0.3153

. 1 42
CO 132
0.0124
0.0110
0.00993

0.00795
0.00663
0.30568
0.00498

. 44 3

0.00398
0.00362
0.00332
0.00285
0.00249

0.00222
0.00200
0.00166
0.00143
0.00125
0.00111
0.00103
0.000908
0.000833
0.000769

0.000714
0.300666

0.252
0.263
0.268
0.275
0.283
0.290
.298

0.305
3.312
0.319

0.326
0.340
3.353

.476

.505

.5 33

.561

.588

54.9
56.5

111.
126.
139.
152.

199.0
222.0
243.0

322.
359.
394.
429.
462.

. 2 32

.00260

.00288

.0 0317

.0C347

.00378

.004C9

0.C0541
0.30612
.0 0686

0.00762
0.00341
0.03923
0.3101
3.0110

0.0133
0.0157
0.0184
0.0212
0.0 241
0.0273
0.0305
0.0339
0.0412

0.0712
0.0966
0.125
0.156
0.193
0.227
0.266
3.307

1.00701
1.0 654
1.00614
1.03578
1.03547
1.0)519
1.03493
1.00471
1.33450
1.C3431

1.0J414
1.03384
1.30358
1.00335
1.33315
1.00297
1.0)281
1.00267

1.0)238
1.00214
1.00195
1.C3178
1.33165
1.33153
1.00143
1.C3134
1.03119
1.03107

1.03386
1.C3072
1.03062
1.00054
1.03048
1.03043
1.00339
1.00036
1.03331
1.00027

1.03024
1.03022
l.G 3018
1.03015
1.00014
1.C0012
1.03011
1.03310
1.00009
1.30008

0.762
0.755
0.748
0.743
0.739
0.7 36
0.733
0.731
0.729
0.728

0.726
0.724
0.722
0.720
0.719
0.718
0.717
0.715

0.713
0.711
0.708
0.7C6
0.704
0.7C2
0.700
C.698
0.6 94
0.691

0.673
0.670
0.668
0.666
0.666
0.666
0.667
0.668
0.668
0.668

0.667
0.667
0.667
0.667
0.667
D.666
0.666
0.666
0.666
0.666

586.
616.

HAVE BEEN MULTIPLIED BY THE INOICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM it

6.5 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

DEO. K ** X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K M/S

• 2.109 0.06360
2.5 0.06397 736.0 2.46 3.642 7.855 1.792 1.634 1.719 280.2
3.0 0.06485 666.0 3.54 4.461 8.732 2.123 1.823 2.065 276.3
3.5 D. 06619 579.0 4.23 5.457 9.816 2.464 2.001 2.481 269.6
<>.o 0.06806 487.0 4.61 6.652 11.14 2.819 2.141 2.960 261.1
"..5 0.07065 394.0 4.68 8. 097 12.75 3.199 2.301 3.569 248.8
5.G 0.07429 303.0 4.50 9.880 14.77 3.618 2.493 4.358 231.6
5.1 0-07520 287.0 4.43 10.29 15.24 3.709 2.531 4.535 228.1
5.2 0.07619 273.0 4.37 10.72 15.74 3.801 2.550 4.684 225.5
5.3 0.07715 258.0 4.29 11.13 16.21 3.892 2.530 4.816 222.9

5.4 0.07818 242.0 4.21 11.55 16.70 3.983 2.537 4.990 219.7
5.5 0.07328 227.0 4.13 11.99 17.21 4.077 2.546 5.183 216.3
5.6 0.08047 212.0 4. 04 12.44 17.74 4.172 2.558 5.395 212.8
5.7 0.08176 197.0 3.55 12.91 18.29 4.270 2.571 5.628 209.2
5.8 0. 08316 183.0 3.86 13.39 18.87 4.371 2.586 5.885 205.6
5.9 0.03468 17C.0 3.76 13.89 19.47 4.474 2.603 6.169 201.6
6.0 0.08635 157.0 3.65 14.42 20.11 4.581 2.622 6.483 198.0
6.5 0.09767 102.0 3.06 17.43 23.86 5.183 2.744 8.525 179.1
7.0 0.1163 74.4 2.43 21.14 28.80 5.914 2.896 10.51 165.3
7.5 0.1414 75.2 1.91 25.0 3 34.34 6.679 3.022 10.37 161.6

8.0 0.1667 86.1 1.55 28.31 39.29 7.319 3.063 9.36 2 163.3
8.5 0.1913 1OG.0 1.31 31.15 43.75 7.860 3.076 8.521 167.2
9.0 0.2149 114.0 1. 14 33.69 47.85 8.329 3.085 7.888 172.2
9.5 0.2375 130.0 1. 02 36. 03 51.67 8.742 3.090 7.417 177.5

10.0 0.2592 145.0 0.919 38.21 55.28 9.113 3.093 7.065 182.9
11.0 0.3003 174.0 0.779 42.21 61.99 9.755 3.096 6.598 193.8
12.0 0.3396 202.0 0.680 45.98 68.34 10.31 3.102 6.312 204.2
13.0 0.3776 230.0 0.607 49.60 74.48 10.80 3.106 6.119 214.0
11.. 0.4148 256.0 0.548 53.14 80.46 11.25 3.114 5.980 223.3
15.0 0.4513 282.0 0.501 56.61 86.33 11.65 3.119 5.675 232.1

16.0 0.4871 308.0 0.461 60.08 92.16 12.03 3.123 5.783 240.3
17.0 0.5224 333.0 0.428 63.49 97.90 12.37 3.126 5.709 248.1
1S.0 0.5573 357.0 0.399 66.88 103.6 12.70 3.128 5.649 255.6
19.0 0.5910 381.0 0.374 70.23 109.2 13.00 3.130 5.599 262.9
2C.0 0.6260 405.0 0.352 73.55 114.8 13.29 3.131 5.557 269.9
21.0 0.65 99 428.0 0.332 76.86 120.3 13.56 3.131 5.522 276.6
22.0 0.6936 452.0 0.315 80.15 125.8 13.82 3.132 5.491 283.2
23.0 0.7271 474.0 0.300 83.42 131.3 14.06 3.132 5.465 289.6
24.0 0.7604 497.0 0.286 86.68 136.8 14.29 3.132 5.442 295.8
25.0 0.7935 520.0 0.273 89.93 142.2 14.51 3.132 5.421 301.9

26.0 0.8266 542.0 0.262 93.16 147.6 14.73 3.132 5.403 307.8
28.0 0.8923 586.0 0.241 99.6 158.4 15.12 3.131 5.373 319.3
30.0 0.9576 630.0 0.224 106.0 169.1 15.49 3.131 5.349 330.3
32.0 1.023 674.0 0.209 112.4 179.8 15.84 3.130 5.330 340.9
34.0 1.087 717.0 0.196 118. 8 190.4 16.16 3.130 5.313 351.1
36.0 1.152 760.0 0.185 125.2 201.0 16.47 3.129 5.300 361.1
38.0 1.216 803.0 0.174 131.5 211.6 16.7 5 3.129 5.288 370.7
40.0 1.281 845.0 0.165 137.8 222.2 17.02 3.128 5.278 380.1

45.0 1.441 951.0 0.146 153.6 248.5 17.64 3.127 5.259 402.5
50. 1.600 1060.0 0.131 169.4 274.8 18.20 3.126 5.246 423.6
55.0 1.759 1160.0 0.119 165. 1 301.0 18.70 3.125 5.236 443.7
60.0 1.918 1260.0 0.109 200.8 327.1 19.15 3.124 5.228 462.9
65.0 2.077 1370.0 0.101 216.5 353.3 19.57 3.123 5.223 481.3
70.0 2.235 1470.0 0.0933 232.2 379.4 19.96 3.123 5.218 499.0
75.0 2.394 1570.0 0.0870 247.8 405.5 20.32 3.122 5.214 516.1
80.0 2.55 2 1680.0 0.0815 263.5 431.5 2 0.65 3.122 5.211 532.6
90.0 2.86 8 1880.0 0.0724 294.7 48 3.6 21.27 3.121 5.207 564.2
100.0 3.184 2090.0 0.0651 326.0 535.7 21.81 3.121 5.204 594.1

125.0 3.973 26 0.0 0.0520 404.0 665.7 22.98 3.120 5.199 662.9
150.0 4.762 3120.0 0.0433 4 62.0 795.6 23.92 3.119 5.197 725.2
175.0 5.550 363 0.0 0.0371 560.0 925.5 24.72 3.118 5.195 782.5
200.0 6.339 4140.0 0.0325 637.9 1055.0 25.42 3.118 5.195 835.9
225.0 7.127 4650.0 0.0289 715.9 1185.0 26.0 3 3.118 5.194 886.1
25 0.0 7.915 5160.0 0.0260 793.8 1315.0 26.58 3.118 5.194 933.6
27 5.0 6.703 5680.0 0.0236 871.7 1445.0 27.07 3.118 5.193 976.6
300.0 9.492 6190.0 0.0217 949.6 1575.0 27.52 3.117 5.193 1022.0
35 0.0 11.07 7210.0 0.0186 1105.0 1834.0 28.32 3.117 5.193 1103.0
400.0 12.64 8240.0 0.0162 1261. 2094.0 29.02 3.117 5.193 1179.0

45 0.0 14.22 9260.0 0. 0144 1417. 2354.0 29.63 3.117 5.193 1250.0
500.0 15.80 10300.0 0.0130 1573.0 2613.0 30.18 3.117 5.193 1318.0
600.0 18.95 12300.0 0.0108 1885.0 3133.0 31.12 3.117 5.193 1443.0
700.0 22.10 14400.0 0.00928 2196.0 3652.0 31.92 3.117 5.193 1558.0
800.0 25.26 16400.0 0. 00812 2508.0 4171.0 32.62 3.117 5.193 1666.0
900.0 28.41 18500.0 0.00722 2819. 4690.0 33.23 3.117 5.193 1766.0

1000.0 31.56 20500.0 0.00650 3131.0 5210.0 33.78 3.117 5.193 1862.0
1100.0 34.72 2 26 . 0.00591 3443.0 5729.0 34.27 3.116 5.193 1952.

C

1200.0 37.87 24600.0 0.00542 3754.0 6248.0 34.72 3.116 5.193 2039.0
1300.0 41.02 26700.0 0.00500 4 66.0 6768.0 35.14 3.116 5.193 2122.0

1400.0 44. 18 28700.0 0.00464 4377.0 7287.0 35.52 3.116 5.193 2202.0
1500.0 47.33 3 0800.0 0.00433 4689. 7806.0 35.88 3.116 5.193 2279.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



6.5 ATMOSPHERE ISOBAR
THEPMOPHYSICAL PROPERTIES OF HELIUM 1.

EMPERATURE OENSITY VCDH/OV) VIDP/OU) -VIDP/OVI COV/OTI/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
P v T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

OEG.K G/CC
•• « 100

J/G ATM-CC/J ATM 1/OEG.K HW/CM-K G/CM-S
X 1000000

SQ-CM/S

2.109 15.72
2.5 15.63 80.6 9.62 115.0 0.0213 0.182 51.1 0.000676 1.05890 0.4 83
3.0 15.1.2 59.8 12.6 103.0 0.0 345 0.200 49.9 0.000627 1.05808 0.516
3.5 15.11 51.3 14.0 87.4 0.0484 0.213 47.4 0.000568 1.05689 0.552
4.0 lit. 69 1.6.0 14.6 71.5 0.0644 0.225 44.5 0.000518 1.05530 0.585
4.5 11.. 15 1.2.5 14.4 55.7 0.0840 0.235 41.5 0.000465 1.05324 0.632
5.0 13.1.6 39.5 13.4 40.8 0.110 0.240 38.5 0.000410 1.05059 0.698
5.1 13.30 39.0 13.2 38.1 0.116 0.241 37.9 0.000410 1.04997 0.714
5.2 13.12 38.5 13.0 35.9 0.122 0.241 37.3 0.000292 1.04931 0.724
5.3 12.96 37.5 13.1 33.4 0.129 0.242 36.8 0.000387 1.04869 0.7 33

5.1. 12.79 36.7 13.0 31.0 0.136 0.242 36.3 0.000379 1.04804 0.748
5.5 12.61 35.9 12.9 28.6 0.144 0.242 35.7 . 37 1.04736 0.766
5.6 12.1.3 35.1 12.7 26.3 0.154 0.242 35.2 0.000361 1.04665 0.786
5.7 12.23 3lt.lt 12.6 24.1 0.164 0.241 34.7 0.000351 1.04591 0.810
5.8 12.02 33.6 12.4 22.0 0.175 0.241 34.2 0.000 340 1.04512 0.8 37
S.9 11.81 32.9 12.2 20.0 0.188 0.241 33.7 0.000330 1.04430 0.864
6.0 11.58 32.2 12.0 15.1 0.201 0.240 33.2 0.000320 1.04343 0.896
6.5 10.2ii 29.1 10.9 10.4 0.293 0.235 30.7 0.000 27 1.03834 1.11
7.0 8.598 27.7 9.75 6.40 0.380 0.226 28.5 C00025J 1.C3214 1.33
7.5 7.073 28.9 8.92 5.32 0.359 0.215 27.1 0.0 00 293 1.02639 1.31

8.0 5.997 31.2 8.45 5.16 0.300 0.208 26.6 0.00 371 1.02235 1.20
8.5 5.226 33.8 8.16 5.21 0.252 0.205 26.6 0.000..61 1.01946 1.10
9.0 It .653 36.8 7.96 5.33 0.215 0.205 26.7 0.000 558 1.01732 1.03
9.5 it. 211 39.8 7.81 5.46 0.186 0.206 27.0 0.000660 1.01566 0.972

10.0 3.858 1.2.9 7.70 5.58 0.165 0.209 27.4 0.000765 1.01434 0.929
11.0 3.330 49.1 7.55 5.79 0.134 0.215 28.4 0.0u0978 1.01237 0.871
12.0 2.91.5 55.2 7.45 5.95 0.114 0.222 29.4 0.00120 1.01094 0.834
13.0 2.61.8 61.3 7.37 6.06 0.100 0.230 30.5 0.00142 1.00983 0.8C9
14.0 2.1.11 67.3 7.31 6.18 0.0888 0.238 31.6 0.00165 1.00895 0.792
15.0 2.216 73.3 7.25 6.26 0.0801 0.246 32.6 0.00189 1.03822 0.779

16.0 2.053 79.2 7.19 6.32 0.0730 0.254 33.7 0.0C214 1.00762 0.768
17.0 1.911. 85.0 7.15 6.37 u.0671 0.262 34.8 0.0024G 1.00710 0.759
18.0 1.791. 90.8 7.10 6.41 0.0622 0.270 35.9 0.00266 1.00666 0.753
19.0 1.690 96.5 7.07 6.44 0.0586 0.277 37.0 0.00293 1.00627 0.747
20.0 1.597 102.0 7.03 6.47 CO 544 .285 38.0 0.00321 1.0 592 0.743
21.0 1.515 108.0 7.01 6.49 0.0512 0.292 39.1 0.00349 1.03562 0.7 39
22.0 l.ltlt2 113.0 6.98 6.51 0.0484 0.299 40.1 0.00378 1.00535 0.7 36
23.0 1.375 119.0 6.96 6.53 0.0459 0.306 41.1 0.00408 1.00510 0.733
24.0 1.315 125.0 6.94 6.54 0.0437 0.313 42.1 0.0 0»38 1.00488 0.7 31

25.0 1.260 130.0 6.92 6.55 0.0417 0.320 43.1 C.0C469 1.00467 0.729

26.0 1.210 135.0 6.90 6.56 0.0399 0.327 44.1 0.00501 1.0u448 0.728
28.0 1.121 146.0 6.87 6.57 J. 0367 0.341 46.0 0.00566 1.00415 0.725
30.0 1. Oil It 157.0 6.85 6.53 0.0 340 0.354 47.9 0.00634 1.00387 0.723
32.0 0.9779 168.0 6.83 6.59 0.0317 0.367 49.7 0.0C7C5 1.03362 0.721
31.. 0.9196 179.0 6.81 6.59 0.0297 0.38C 51.5 0.00778 1.03341 0.720
36.0 0.8681 189.0 6.79 6.60 0.0280 0.393 53.3 0.00854 1.00322 0.718
38.0 0.8221 200.0 6.76 6.60 0.0264 0.405 55.0 0.00932 1.00305 0.717
40.0 0.7809 211.0 6.77 6.60 0.0251 0.418 56.7 0.0101 1.30289 0.716

1.5.0 0.691.1 237.0 6.74 6.60 0.0222 3.448 60.7 0.0123 1.00257 0.713
50.0 0.621.9 263.0 6.72 6.60 0.0199 0.477 64.7 G.C146 1.00231 0.711
55.0 0.5681. 290.0 6.71 6.59 C.0181 0.506 68.5 0.0170 1.03211 0.709
60.0 0.5213 316.0 6.69 6.59 G.G165 0.534 72.1 0.0196 1.03193 0.706
65.0 0.1.815 342.0 6.68 6.58 0.0153 0.561 75.7 0.0223 1.03178 0.704
70.0 0.1*471. 366.0 6.67 6.58 0.0142 0.588 79.1 0.0252 1.01166 0.7C2
75.0 0.1.178 394.0 6.67 6.58 C . 1 32 0.615 82.5 0.0282 1.00155 0.700
80.0 0.3919 420.

D

6.66 6.57 0.0124 0.641 85.8 1.0310 1.00145 0.698
90.0 0.31.67 473.0 6.65 6.57 0.0110 0.692 92.3 0.0381 1.03129 0.694

100.0 0.311.1 525.0 6.64 6.56 CO 99 2 0.742 98.5 0.0454 1.00116 0.691

125.0 0.2517 655. C 6.63 6.55 0.00794 0.861 111.0 0.0658 1.03093 0.673
150.0 0.2100 784.0 6.62 6.54 0.0 66

2

0.974 126.0 O.0B93 1.00078 0.670
175.0 0.1802 914.0 6.61 6.54 O.J 56 a 1.08 139.0 0.116 1.00067 0.668
200. 0.1578 1040.0 6.61 6.53 0.00497 l.ie 152.0 0.144 1.00058 0.666
225.0 0.11.03 1170.0 6.60 6.53 C. 00442 1.28 164.0 0.176 1.00352 G.666
250.0 0.1263 1300.0 6.60 6.52 . 39 8 1.37 176.0 0.210 1.G3347 0.666
275.0 0.111.9 1430.0 6.60 . 6.52 . 36 2 1.46 188.0 0.245 1.00043 0.667
300.0 0.105it 1560.0 6.59 6.52 0.00332 1.55 199.0 0.283 1.00039 0.668
350.0 0.09035 1820.0 6.59 6.52 0.00285 1.72 222.0 0.367 1.00033 0.668
.00.0 0.07909 2080.0 6.59 6.51 0.00249 1.89 243.0 0.460 1.00329 0.668

1.50.0 0.07032 2340.0 6.59 6.51 0.00222 2.05 264.0 0.562 1.0 026 0.667
500.0 0.05330 2600.0 6.59 6.51 0.00200 2.21 284.0 0.672 1.00023 0.667
60 0.0 0.05277 3120.0 6.58 6.51 C.0C166 2.51 322.0 0.916 1.C0020 0.667
700.0 0.01.521. 3640.0 6.58 6.51 0. 00143 2.80 359.

C

1.19 1 . G 1

7

0.667
800.0 0.03959 4160.0 6.58 6.51 C . 12 5 3.07 394.0 1.49 1 . C 3 1

5

0.666
90O.0 0.03520 4680.0 6.58 6.51 0.00111 3.34 429.0 1.83 1. Oj013 0.666
1000.0 0.03166 5200.0 6.58 6. 50 0.00100 3.6C 462.0 2.19 1.00012 0.666
1100.0 0.02681 5720.0 6.58 6.50 0.000908 3.85 494.0 2.57 1.03011 0.666
1200.0 0.0261.1 6240.0 6.58 6.5u 0.000833 4.1C 525.0 2.9y 1.G001G 0.666
1300.0 0.021.38 6760.0 6.58 6.50 0.000769 4.34 556.0 3.43 1 . 3 3 9 0.666

11.00.0 0.02261. 7270.0 6.58 6.50 0.000714 4.57 586.0 3.89 1.03008 0.666
1500.0 0.02113 7790.0 6.58 6.50 0.000666 4.80 616.0 4.38 1.00008 0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

7.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE OERIVATIVE ENERGY OF SOUND

DEIS. K •* X .01 CC-ATH/G ATM/K J/G J/G J/G-K J/G-K M/S

» 2.103 0.06333
2.5 0.06369 757.0 2.44 3.635 6.153 1.762 1.617 1.699 263.7
3.0 0.06453 667.0 3.54 4.441 9.018 2.109 1.815 2.046 280.1
3.5 0.06581 601.0 4.25 5.421 10.09 2.446 1.992 2.454 273.8
!>.0 0.06760 510.0 4.65 6.594 11.39 2.796 2.131 2.918 265.9
<t.

5

0.07005 417.0 4.75 8. 008 12.98 3.170 2.291 3.500 254.2
5.0 0.07345 327.0 4. 58 9.743 14.95 3.579 2.480 4. 236 238.0
5.1 0.07429 311.0 4.53 10.14 15.41 3.667 2.518 4.398 234.6
5.2 0.07519 298.0 4.47 10.56 15.89 3.757 2.536 4.532 232.2
5.3 0.07607 282.0 4.40 10.95 16.35 3.844 2.516 4.645 229.9

5.4 0.07700 267.0 4.33 11.36 16.82, 3.932 2.522 4.796 226.6
5.5 0.07799 252.0 4.25 11.76 17.31 4.022 2.530 4.964 223.7
5.6 0.07905 237.0 4.17 12.21 17.81 4.113 2.540 5.145 220.5
5.7 0.08020 222.0 4.09 12.65 18.34 4.206 2.552 5.343 217.1
5.8 0.08143 208.0 4.00 13.11 18.88 4.301 2.566 5.559 213.7
5.9 0.08275 194.0 3.91 13.58 19.45 4.399 2.562 5.794 210.2
6.0 0.08419 181.0 3.81 14.07 20.04 4.499 2.599 6.050 206.7
6.5 0.09356 124.0 3.27 16.84 23.48 5.049 2.706 7.687 188.8
7.0 0.1083 88.8 2.68 20.21 27.90 5.704 2.841 9.564 174.0
7.5 0.1292 80.9 2.14 23.93 33.09 6.422 2.970 10.15 167.4

e.o 0.1523 89.3 1.74 27.37 36.17 7.078 3.042 9.441 167.5
B.5 0.1747 101.0 1.47 30. 30 42.69 7.6 26 3.066 9.670 170.3
9.0 0.1965 115.0 1.27 32.93 46.86 8.103 3.078 9.049 174.4
9.5 0.2175 129.0 1.13 35. 33 50.76 8.525 3.085 7.569 179.2

10.0 0.2378 144.0 1.02 37.58 54.45 8.904 3.090 7.201 184.2
11.0 0.2764 173.0 0.856 41.67 61.27 9.557 3.094 6.702 194.7
12.0 0.3132 201.0 0.745 45.50 67.71 10.12 3.100 6.394 204.9
13.0 0.3489 228.0 0.662 49. 17 73.91 10.62 3.107 6.196 214.6
14.0 0.3837 255.0 0.598 52.74 79.95 11.06 3.113 6.039 223.9
15.0 0.4178 281.0 0.545 56.24 85.87 11.47 3.119 5.925 232.7

16.0 0.4514 307.0 0.501 59.73 91.75 11.85 3.123 5.826 240.9
17.0 0.4844 332.0 0.464 63.18 97.53 12.20 3.127 5.747 248.7
16.0 0.5170 357.0 0.432 66.58 103.2 12.53 3.129 5.683 256.2
19.0 0.5492 381.0 0.405 69.95 108.9 12.84 3.130 5.629 263.5
20.0 0.5811 405.0 0. 381 73.29 114.5 13.12 3.131 5.564 27 0.5
21.0 0.6127 429.0 0.360 76.61 120.1 13.39 3.132 5.546 277.3
22.0 0.6441 452.0 0.341 79.91 125.6 13.65 3.133 5.513 283.8
23.0 0.6754 475.0 0.324 83.20 131.1 13.90 3.133 5.465 290.2
2<t.O 0.7064 498,0 0.309 86.47 136.6 14.13 3.133 5.460 296.5
25.0 0.7373 520.0 0.295 89.72 142.0 14.35 3.133 5.438 302.5

26.0 0.7681 543.0 0.283 92.97 147.4 14.56 3.133 5.419 308.5
2B.0 0.8293 588.0 0.261 99.44 158.3 14.96 3.133 5.387 319.9
30.0 0.8931 632.0 0.242 105.9 169.0 15.34 3.132 5.361 330.9
32.0 0.9506 675.0 0.226 112.3 179.7 15.68 3.131 5.340 341.5
34.0 1.011 719.0 0.211 118.7 190.4 16.00 3.131 5.322 351.6
36.0 1.071 762.0 0.199 125.0 201.0 16.31 3.130 5.308 361.7
36.0 1.131 804.0 0.188 131.4 211.6 16.59 3.130 5.295 371.3
40.0 1.191 847.0 0.178 137.7 222.2 16.87 3.129 5.285 380.7

".5.0 1.339 953.0 0.158 153.5 248.5 17.49 3.128 5.264 403.1
50.0 1.498 1060.0 0.142 169.3 274.8 18.04 3.127 5.250 424.2
55.0 1.635 1160.0 0.126 185.0 301.0 18.54 3.126 5.239 444.3
60.0 1.783 1270.0 0.117 200.8 327.2 19.00 3.125 5.231 463.4
65.0 1.930 1370.0 0.108 216.4 353.4 19.41 3.124 5.225 461.8
70.0 2.078 1470.0 0. 100 2 32.1 379.5 19.80 3.123 5.220 499.5
75.0 2.225 1580.0 0.0937 247. 8 405.6 20.16 3.123 5.216 516.6
80.0 2.372 1680.0 0.0878 263.4 431.6 20.50 3.122 5.213 533.1
90.0 2.66 5 1890.0 0. 0779 294.7 48 3.7 21.11 3.122 5.208 564.6
100.0 2.959 2090.0 0.C701 325.9 535.8 21.66 3.121 5.205 594.5

125.0 3.691 2610.0 0. 0560 404.0 665.9 22.62 3.120 5.200 663.3
15 0.0 4.424 3120.0 0. 0467 482. 795.8 23.77 3.119 5.197 725.5
175.0 5.156 3630.0 0.0400 560. 925.7 24.57 3.119 5.196 782.6
200.0 5.988 4140.0 0.0350 6 37.9 1056.0 25.26 3.118 5.195 836.2
225.0 6.620 4660.0 0.0311 715.9 1185.0 25.88 3.118 5.194 886.4
250.0 7.352 5170.0 0.0280 793.8 1315.0 26.42 3.119 5.194 933.9
275.0 8.094 5680.0 0.0254 871.7 1445.0 26.92 3.119 5.193 979.1
300.0 8.816 6190.0 0.0233 949.6 1575.0 27.37 3.118 5.193 1022.0
35 0.0 10.28 7220.0 0.0200 1105. 1835.0 28.17 3.117 5.193 1104.0
400.0 11.74 8240.0 0.0175 1261.0 2094.0 28.86 3.117 5.193 1179.0

45 0.0 13.21 9260.0 0.0156 1417. 2354.

C

29.47 3.117 5.193 1250.0
500.0 14.67 10300.0 0.0140 1573.0 2614.0 30.02 3.117 5. 193 1318.0
600.0 17.60 12300.0 0.0117 1995.0 3133.0 30.97 3.117 5. 193 1443.0
700.0 20.53 14400.0 0. 0100 2196. 3652.0 31.77 3.117 5.193 1558.0
800.0 23.45 16400.0 0.00875 2509. 4171.0 32.46 3.117 5.193 1666.0
900.0 26.38 18500.0 0.00778 2919.0 4691.0 33.07 3.117 5.193 1766.0
1000.0 29.31 20500.0 0.00700 3131.0 5210.0 33.62 3.117 5.193 1862.0
1100.0 32.24 22600.0 0.00636 3443. 5729.0 34.12 3.117 5.193 1952.0
1200.0 35.17 2 4600.0 0.00583 3754.0 6248.0 34.57 3.117 5.193 2039.0
1300.0 38.09 26700.0 0.00538 4066. 6768.0 34.98 3.116 5.193 2122.0

1400.0 41.02 2 87 . 0.00500 4377. 7287.0 35.37 3.116 5.193 2202.0
1500.0 43.95 30800.0 0.00467 4689. 7806.0 35.73 3.116 5.193 2279.0

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUM HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERHOPHYSICAL PROPERTIES OF HELIUM l>

7.0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY VCDH7DVI VIOP/DUI -V<DP/DV>,,
T

(OV/DTI 7V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDT
P v P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

DEG.K G/CC" < 1DD
J/3 ATH-CC/J htm 1/OEG.K MW/CM-K G/CM-S

X 1000000
SO-CH/S

• 2.103 15.79
2.5 15.70 82.8 9.60 119.0 0.0205 0.183 52.1 0.000686 1.05917 0.484
3.0 15.50 61.5 12.6 106.0 0.0333 0.201 50.8 0.000634 1.05838 0.513
3.5 15.19 52.7 14.0 91.3 0.0466 0.215 48.3 0.000576 1.05722 0.552
4.0 14.79 47.3 14.8 75 .4 0.0617 0.227 45.4 0.000526 1.05568 0.583
"•.5 14.28 43.9 14.5 59.6 0.0797 0.237 42.4 0.000474 1.05370 0.626
5.0 13.62 41.2 13.6 44 .6 0.103 0.243 39.4 3.000422 1.05118 0.685
5.1 13.46 40.7 13.4 41.9 0.108 0.244 38.8 0.000412 1.05060 0.699
5.2 13.30 40.2 13.2 39.6 0.113 0.245 38.2 0.000406 1.D4998 0.707
5.3 13.15 39.2 13.3 37.1 0.118 0.245 37.7 0.000401 1.04939 0.713

5.4 12.99 38.4 13.2 34.7 0.125 0.246 37.1 0.000394 1.04879 0.7 26
5.5 12.82 37.7 13.1 32.3 0.132 0.246 36.6 0.000386 1.04816 0.740
5.5 12.65 37.0 13.0 30.0 0.139 0.246 36.1 0.000378 1.04750 0.756
5.7 12.47 36.2 12.8 27.7 0.147 0.246 35.7 0.000369 1.04681 0.775
5.S 12.28 35.5 12.7 25.6 0.156 0.245 35.2 . 36 1.04610 0.796
5.9 12.03 34.8 12.5 23.5 0.166 0.245 34.7 0.000350 1.04535 0.820
6.0 11.88 34.2 12.3 21.5 0.177 0.245 34.2 0.000341 1.04456 0.845
6.5 10.69 31.1 11.3 13.2 0.247 0.241 31.9 0.000293 1.04005 1.02
7.0 9.230 29.3 10.2 8.20 0.327 0.234 29.7 0. 000265 1.03453 1.22
7.S 7.740 29.7 9.31 6.26 0.342 0.223 28.2 0.000284 1.02890 1.28

8.0 6.568 31.8 8.73 5.86 0.297 0.215 27.5 0.000347 1.02449 1.20
8.5 5.725 34.2 8.37 5.79 0.254 0.212 27.3 0.000426 1.02133 1.12
9.0 5.090 36.9 8.13 5.84 0.218 0.210 27.3 0.000513 1.01895 1.05
9.5 4.598 39.9 7.95 5.94 0.190 0.211 27.6 0.000606 1.01711 0.989

10.0 4.205 42.9 7.82 6.05 0.168 0.213 27.9 0.000703 1.01564 0.945
11. D 3.619 48.9 7.64 6.25 0.137 0.218 28.8 0.00090 1.01345 0.883
12.0 3.193 55.1 7.52 5.41 0.116 0.225 29.7 0.00110 1.01186 0.844
13. D 2.866 61.1 7.44 6.54 0.101 0.233 30.8 0.00131 1.01065 0.818
14.0 2.606 67.2 7.36 6.65 0.0699 0.241 31.8 0.00153 1.00968 0.799
15.0 2.393 73.1 7.31 6.73 0.0813 0.248 32.9 0.00175 1.03888 0.785

16.0 2.216 79.1 7.24 6.80 0.0737 0.256 34.0 0.00198 1.00822 0.773
17.0 2.064 84.9 7.19 6.86 0.0 6 77 0.264 35.1 0.00222 1.03766 0.764
18.0 1.934 90.7 7.14 6.90 0.0626 0.271 36.1 0.0 0247 1.03718 0.757
19.0 1.821 96.5 7.10 6.94 0.0 5 84 0.279 37.2 0.00272 1.00675 0.751
20.0 1.721 102.0 7.07 6.97 0.0547 0.286 38.2 0.00298 1.00638 0.746
21. 1.632 108.0 7.04 6.99 0.0514 3.294 39.3 0.003 24 1.00605 0.742
22.0 1.552 113.0 7.01 7.02 0.0486 0.301 40.3 0.00351 1.03576 0.739
23.0 1.481 119.0 6.99 7.03 0.0461 0.308 41.3 0.00379 1.00549 0.736
24.0 1.416 125.0 6.97 7.05 0.0 4 38 0.315 42.3 0.00407 1.03525 0.733
25.0 1.356 130.0 6.95 7.06 0.0418 0.322 43.3 . 4 36 1.03503 0.731

26.0 1.302 136.0 6.93 7.07 O.C400 0.329 44.2 0.00466 1.03483 0.729
28.0 1.206 146.0 6.90 7.08 0.0368 0.342 46.2 0.00527 1.00447 0.727
30.0 1.124 157.0 6.87 7.10 0.0341 0.355 48.0 0.00590 1.03416 0.724
32.0 1.052 168.3 6.85 7.10 0.0318 0.369 49.8 3.00656 1.03390 0.722
34.0 0.9893 179.0 6.83 7.11 0.0298 0.381 51.6 0.00724 1.0 3 367 0.721
36.0 0.9338 190.0 6.81 7.11 0.0280 0.394 53.4 0.00795 1.00346 0.719
38.0 0.8843 200.0 6.80 7.11 0.0264 3.4C6 55.1 0.00868 1.03328 0.718
40.0 0.8400 211.0 6.78 7.11 0.0251 3.419 56.8 0.00943 1.00311 0.717

45.0 0.7466 237.0 6.76 7 .11 0.0222 0.449 60.8 0.0114 1.00277 0.714
50.0 0.6722 264.0 6.73 7.11 0.0199 0.478 64.8 0.0135 1.03249 0.711
55.0 0.6115 290.0 6.72 7.11 0.0181 0.507 68.5 0.0158 1.00227 0.709
60.0 0.55D8 316.0 6.70 7.10 0.0165 0.535 72.2 0.0182 1.03208 0.706
65.0 0.5180 342.0 6.69 7.10 0.0153 0.562 75.8 0.0208 1.00192 0.704
70.0 0.4313 369.0 6.68 7.09 0.0142 3.589 79.2 0.0234 1.00178 0.702
75.0 0.4495 395.0 6.67 7.09 0.0132 0.616 82.6 0.0263 1.03166 0.700
80.0 0.4217 421.0 6.67 7.09 0.0124 0.642 85.9 0.0292 1.00156 0.698
90.0 0.3752 473.0 6.65 7.08 0.0110 0.693 92.3 0.0355 1.00139 0.694
100.0 0.3380 525.0 6.65 7.07 3.00991 3.743 98.6 0.0422 1.00125 0.691

125.0 0.2709 655.0 6.63 7.06 0.00794 0.862 112.0 0.0612 1.03130 0.673
150.0 0.2260 785.0 6.62 7.05 0.00682 0.974 126.0 0.0830 1.00084 0.670
175. D 0.1339 915.0 6.61 7.04 0.00563 1.06 139.0 0.107 1.00072 0.668
200.0 0.1698 1040.0 6.61 7.04 0.00497 1.18 152.0 0.134 1.03063 0.666
225.0 0.1511 1170.0 6.60 7.03 0. 00*42 1.28 164.0 0.163 1.30056 0.666
250.0 0.1360 1300.0 6.60 7.03 0.30398 1.38 176.0 0.195 1.00050 0.666
275.0 0.1237 1430.0 6.60 7.03 . 36 2 1.46 188.0 0.228 1.00046 0.667
300.0 0.1134 1560.

S

6.60 7.02 0.00332 1.55 200.0 0.263 1.00042 0.668
350.0 0.09728 1820.0 6.59 7.02 0.00285 1.72 222.0 0.341 1.00036 0.668
400.0 0.08515 2080.0 6.59 7.02 0.30249 1.89 243.0 0.428 1.00032 0.668

45 0.0 0.07572 2340.0 6.59 7.01 0.00222 2.05 264.0 0.522 1.00028 0.667
500.0 0.05816 2600.0 6.59 7.01 O.0G2C0 2.21 284.0 0.624 1.00025 0.667
600.0 0.05682 3120.0 6.59 7.01 0.00166 2.51 322.0 0.850 1.00021 0.667
700. 0.04872 3640.0 6.58 7.01 0.30143 2.8C 359.0 1.11 1.03018 0.667
800.0 0.04264 4160.0 6.58 7.01 0.00125 3.07 394.0 1.39 1.00016 0.666
900.0 0.03790 4680.0 6.58 7.01 0.00111 3.34 429.0 1.70 1.00014 0.666
1000.0 0.03412 5200.0 6.58 7.01 0.00100 3.60 462.0 2.03 1.00013 0.666
1100.0 0.03102 5720.0 6.58 7.0C 0.000908 3.85 494.0 2.39 1.00011 0.666
120 0.0 .32844 6240.

D

6.58 7 .00 0.303833 4.13 525.0 2.77 1.00011 0.666
1300.0 0.02625 6760.0 6.58 7 .00 O.0C0769 4.34 556.0 3.16 1.03010 0.666

140 0.0 0.02438 7280.0 6.58 7.00 0.000714 4.57 586.0 3.61 1.00009 0.666
1500.0 0.02275 7790.0 6.58 7 .00 0.300666 4.8C 616.0 4.06 1.30008 0.666

BEEN MULTIPLIED BY THE INDICATEO FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM l>

8.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K *" X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.091 0.06283
2.5 0.06316 797.0 2.1.0 3.626 8.71.7 1.763 1.581. 1.657 290.6
3.0 0.0639<t 729.0 3.51. 4.408 9.590 2.083 1.798 2.011 287.4
3.5 0.06511 61.1.. 4.29 5. 358 10.61. 2.1.13 1.971. 2.1.01. 281.8
if.a 0.06676 551.. 4.73 6.1.92 11.90 2.755 2.112 2.81.2 274.8
4.5 0.06897 1.63.0 it. 87 7.851 13.1.1. 3.117 2.271 3.381 264.3
5.0 0.07197 371.. 4.75 9.505 15.31. 3.509 2.1.58 4.038 249.6
5.1 0.07270 358.0 4.70 9.860 15.77 3.593 2.1.95 4.178 246.6
5.2 0. 0731.7 31.5.0 4. 65 10.27 16.23 3.677 2.512 4.292 244.5
5.3 0.071.22 330.0 4.59 10.65 16.66 3.760 2.1.91 4.379 242.5

5.4 0.07501 315.0 4.53 11. 03 17.11 3.81.3 2.1.96 4.501 239.8
5.5 0.07581. 300.0 4.46 11.1.1 17.56 3.927 2.503 4.633 237.1
5.6 0.07672 285.0 4.39 11.81 18.03 4.012 2.511 4.774 234.2
5.7 0.07766 270.0 4.32 12.22 18;52 4.098 2.522 4.926 231.3
5.8 0.07865 256.0 4.24 12.6". 19.02 4.165 2.531. 5.090 228.3
5.9 0.07971 21.2.0 4.16 13. 07 19.51. 4.274 2.51.7 5.265 225.2
e.o 0.06081. 229.0 4.08 13.52 20.07 4.364 2.562 5.452 222.1
6.5 0.08781. 168.0 3. 62 15.96 23.08 4.847 2.651 6.602 206.0
7.0 0.09802 121.. 3. 10 18.81. 26.79 5.398 2.762 8.045 191.1
7.5 0.1125 101.0 2.58 22.13 31.25 6.011. 2.880 9.199 180.8

8.0 0.1305 98.9 2.13 25.51. 36.12 6.644 2.979 9.326 177.1
8.5 0.11.96 108.0 1.79 28.69 1.0.82 7.211. 3.037 8.792 177.8
9.0 0.1681 119.0 1.55 31.1.5 1.5.08 7.701 3.059 8.249 180.2
9.5 0.1863 131.0 1.36 33.98 1.9.03 8.131. 3.072 7.791 183.7

10.0 0.201.1 11.5.0 1.22 36. 31. 52.88 8.521. 3.081 7.419 187.9
11.0 0.2381 172.0 1. 02 1.0.60 59.90 9.196 3.088 6.882 197.2
12.0 0.2708 200.0 0.876 1.1.. 55 66.50 9.772 3.095 6.542 206.7
13.0 0. 3025 227.0 0.777 1.6.31 72.82 10.28 3.103 6.311 216.2
14.0 0.3331. 251.. 0.699 51.91. 78.97 10.71. 3.111 6.145 225.3
15.0 0.3637 280. 0.636 55.50 81.. 98 11.15 3.118 6.019 234.1

16.0 0.3931. 306.0 0.583 59.05 90.91. 11.51. 3.123 5.909 242.2
17.0 0.1.227 331.0 0.539 62.51. 96.80 11.89 3.127 5.820 250.0
18.0 0.1.515 356.0 C.501 65.99 102.6 12.22 3.130 5.748 257.5
19.0 0.1.800 381.0 0.1.69 69.39 106.3 12.53 3.132 5.687 264.8
20.0 0.5082 1.05.0 0.1.1.0 72.77 114.0 12.82 3.133 5.636 271.8
21.0 0.5361 1.29.0 0.1.15 76.12 119.6 13.09 3.131. 5.593 278.6
22.0 0.5638 1.53.0 0. 393 79.1.5 125.2 13.35 3.135 5.556 265.1
23.0 0.5911. 1.76.0 0.37". 82.76 130.7 13.60 3.135 5.524 291.5
21.. 0.6187 1.99.0 0. 356 86. 05 136-2 13.83 3.135 5.496 297.8
25.0 0.61.59 522.0 0.31.0 89.32 HI.

7

11.. 06 3.135 5.471 303.8

26.0 0.6730 51.5.0 0.325 92.59 11.7.1 14.27 3.135 5.450 309.8
26.0 0.7269 590.0 0.299 99. 09 158.0 It. 68 3.135 5.413 321.2
30.0 0.7803 63".. 0.278 105.5 16 8.6 15.05 3.131. 5.384 332.2
32.0 0.8335 678.0 0.259 112.0 179.5 15.39 3.131. 5.360 342.8
34.0 0.8861. 722.0 0.21.3 118.1. 190.2 15.72 3.133 5.340 353.1
36.0 0.9391 765.0 0.228 121..

8

200.9 16.02 3.132 5. 323 363.0
38.0 0.9917 808.0 0.216 131.2 211.5 16.31 3.132 5.309 372.6
1.0.0 1.01.'. 851.0 0.201. 137.5 222,1 16.58 3.131 5.297 381.9

1.5.0 1.175 957.0 0. 161 153.1. 21.8.6 17.21 3.129 5.274 404.3
50.0 1.305 1060-0 0. 162 169. 2 271..

9

17.76 3.128 5.258 425.4
55.0 1.1.31. 1170.0 0.11.7 181.. 9 301.2 18.26 3.127 5.246 445.4
60.0 1.563 1270.0 0.131. 200.6 32 7.1. 16.72 3.126 5.236 464.5
65.0 1.692 1380.0 0.121. 216.3 35 3.5 19.1* 3.125 5.229 1.82.9

70.0 1.821 11.80.0 0.115 232.0 379.7 19.52 3.125 5.224 500.5
75.0 1.95 1580.0 0.107 21.7.7 1.05.6 19.88 3.121. 5.219 517.6
60.0 2.079 1690.0 0.100 263.3 1.31.8 20.22 3.123 5.215 534.1
90.0 2.336 1B90.0 C.0891 291..

6

1.81.. 20.83 3.122 5.210 565.6
100.0 2.592 210C0 0.0601 325.9 536.0 21.38 3.122 5.206 595.4

125.0 3.231. 26 1 . 0.061.0 1.01.. 666.1 22.5k 3.120 5.200 664.1
150.0 3.875 3120.0 0. 0533 1.82. 796.1 23.1.9 3.120 5.198 726.2
175.0 4.515 361.0.0 0. 01.57 560. 926.0 21.. 29 3.119 5.196 783.5
20C.O 5.156 1.150.0 0. 01.00 637.9 1056. 2 It. 99 3.119 5. 195 836.6
225.0 5.796 1.660.0 0.0355 715.9 1186.0 25.60 3.118 5.194 886.9
250.0 6.1.37 5170.0 0.0320 793.8 1316.0 26.15 3.116 5.194 934.4
275.0 7.077 5690.0 0.0291 671. 8 11.1.5. 26.6k 3.118 5.194 979.5
300.0 7.718 6200.0 0.0267 91.9.7 1575.0 27.09 3.118 5.193 1023.0
350. 8.998 7220.0 0.0226 1106.0 1835.0 27.69 3.116 5.193 1104.0
".00.0 10.28 8250.0 0. C200 1261. 2095.0 28.59 3.117 5.193 1180.0

1.5 0.0 11.56 9270.0 0.0178 11.17. 2351.. 29.20 3.117 5.193 1251.0
500.0 12.81. 10300.0 0. 0160 1573.0 2611.. 29.71, 3.117 5.193 1318.0
600.0 15.1.0 12300.0 0.0133 1885.0 3133.0 30.69 3.117 5.193 1443.0
700.0 17.96 11*1.00.0 0. Olli. 2196. 3652.0 31.it9 3.117 5.193 1559.0
600.0 20.53 161.00.0 0.01CO 2508. 1.172.0 32.19 3.117 5.193 1666.0
900.0 23.09 18500.0 0.00889 2819. 1.691. 32.80 3.117 5.193 1767.0

10OO.O 25.65 20500.0 0.00800 3131.0 5210.0 33.31. 3.117 5.193 1862.0
1100.0 28.21 2 2600.0 0.00727 31.1.3.0 5729.0 33.81. 3.117 5.193 1953.0
1200.0 30.77 21.600.0 0.00666 3751.. 621.9.0 31.. 29 3.117 5.193 2039.0
130 0.0 33.33 26700.0 0.00615 1.0 66.0 6768.0 34.71 3.117 5.193 2122.0

11.0 0.0 35.90 26700.0 O.C0571 .378. 7267.0 35.09 3.117 5.193 2202.0
1500.0 38.1.6 30800.0 0. 00533 1.689. 7807.0 35.1.5 3.117 5.193 2280.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN IULTIPLIEO 8Y THE INDICATED FACTOR



8.C ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OP HELIUM

TEMPERATURE OENSITr -VCOP/DV) (DV/OT>/V THERMAL VISCOSITY
CONDUCTIVITY

MH/CM-K G/CM-S
•• X 100C300

2.091 15.92
2.5 15.83 87.2 9.56 126.0 0.0190 0.185 54.1 0.000705 1.05967 0.485
3.0 15.64 64.8 12.6 114.0 0.0310 0.203 52.8 0.000647 1.05893 0.522
3.5 15.36 55.4 14.2 98.9 C.0434 3.218 50.1 0.003590 1.05785 0.553
4.0 14.98 49.9 15.0 83.0 0.0570 0.231 47.1 0.0GO542 1.05640 0.580
4.5 14.50 46.5 14.8 67 .1 0.0725 0.241 44.0 0.000492 1.05456 0.616
5.0 13.89 44.2 13.9 52.0 0.0913 0.249 41.0 0.000444 1.05225 0.665
5.1 13.76 43.8 13.7 49.3 0.0953 0.253 40.4 0.000435 1.05172 0.676
5.2 13.61 43.4 13.6 47.0 0.0989 0.251 39.8 0.000429 1.05116 0.682
5.3 13.47 42.4 13.7 44.5 0.103 0.2 52 39.3 0.000426 1.05064 0.684

5.". 13.33 41.7 13.6 42.0 C.108 0.252 38.8 0.000420 1.05013 0.692
5.5 13.19 41.0 13.5 39.5 0.113 0.253 38.3 0.000414 1.34954 0.702
5.5 13.03 40.3 13.4 37.1 0.118 0.253 37.8 0.000407 1.34897 0.713
5.7 12.88 39.7 13.3 34.8 0.124 0.254 37.4 0.000400 1.04837 0.726
5.8 12.71 39.1 13.2 32.6 0.130 0.254 36.9 0.000392 1.04775 0.740
5.9 12.54 38.4 13.0 30.4 0.137 0.254 36.4 0.000384 1.04710 0.756
6.0 12.37 37.8 12.9 28.3 0.144 0.253 36.0 0.000376 1.04643 0.774
6.5 11.38 35.0 12.0 19.2 0.189 3.251 33.8 0.000334 1.04269 0.888
7.0 10.20 32.

B

11.0 12.6 0.245 3.246 31.8 0.0 00 30 1.03820 1.04
7.5 8.891 32.1 10.1 8.98 0.287 3.238 30.2 0.000291 1.03324 1.17

8.0 7.662 33.1 9.34 7.58 0.281 0.230 29.1 0.000322 1.02861 1.18
8.5 6.685 35.3 8.84 7.21 0.249 0.224 28.6 0.000382 1.02493 1.12
9.0 5.948 37.7 8.50 7.C7 0.219 0.222 28.5 0.000451 1.02217 1.06
9.5 5.367 40.3 8.26 7.05 0.193 0.221 28.6 3.333528 1.31999 1.01

10. 4.900 43.1 8.08 7.09 0.172 0.222 28.9 0.00060 9 1.01824 0.967
11.0 4.199 48.9 7.84 7.23 0.141 0.225 29.6 0.030780 1.01562 0.903
12.0 3.693 54.9 7.68 7.37 0.119 0.231 30.5 0.000958 1.01373 0.862
13.0 3.306 63.9 7.57 7.50 4.104 0.238 31.4 0.00114 1.01228 0.832
11.. 3.000 66.9 7.49 7.61 0.0918 0.246 32.4 0.00133 1.01114 0.811
15.0 2.750 72.9 7.42 7.70 0.0826 0.253 33.5 0.00153 1.31021 0.796

16.0 2.542 78.9 7.34 7.78 0.0749 0.260 34.5 0.00173 1.33944 0.783
17.0 2.366 84.7 7.28 7.84 0.0687 0.268 35.5 0.00194 1.03878 0.772
1S.0 2.215 90.6 7.23 7.90 . 6 35 0.275 36.6 0.00216 1.00822 0.764
19. D 2.083 96.4 7.18 7.94 0.0590 0.282 37.6 0.00238 1.30773 0.757
20.0 1.968 102.0 7.14 7.97 J. 0552 3.290 38.6 0.00261 1.00730 0.752
21.0 1.855 108.0 7.11 8. GO 0.0519 0.297 39.6 0.00284 1.00692 0.747
22.0 1.774 113.0 7.08 8.03 0.0490 3.304 40.6 3.00308 1.03658 0.743
23.0 1.691 119.0 7.05 8.05 3.0464 0.311 41.6 0.00333 1.03627 0.740
24.0 1.616 125.0 7.02 8.07 0.0441 0.318 42.6 0.00358 1.30599 0.737
25.0 1.54S 130.0 7.00 8.08 0.0420 0.325 43.6 0.00383 1.03574 0.735

26.0 1.486 136.0 6.98 8.10 0.0402 0.331 44.6 0.004„9 1.03551 0.733
28.0 1.376 147.0 6.94 8.11 0.0369 0.345 46.4 0.00463 1.33510 0.729
30.0 1.282 158.0 6.91 8.13 0.0342 0.358 48.3 0.00519 1.00475 0.7 26
32.0 1.200 168.0 6.89 8.14 0.0318 0.371 50.1 0.00577 1.00445 0.724
3 4.0 1.128 179.0 6.86 8.14 3.0298 0.384 51.9 0.00637 1.03418 0.722
36.0 1.065 190. C 6.84 8.15 3.0280 0.396 53.6 0.00699 1.00395 0.721
38.0 1.008 201.0 6.83 8.15 3.0 265 3.408 55.3 0.00763 1.00374 0.719
40.0 0.9578 211.0 6.81 8.15 0.0251 0.421 57.0 3.00829 1.03355 0.718

45.3 0.8514 238.0 6.78 8.15 0.0222 0.451 61.1 3.0100 1.30315 0.715
50.0 0.7556 264.0 6.76 8.15 0.0199 0.480 65.0 0.0119 1.00284 0.712
55.0 0.6973 291.0 6.74 8.14 0.C180 0.508 68.

7

0.0139 1.00258 0.709
60.0 0.6396 317.0 6.72 3.13 J. 0165 3.536 72.4 0.0160 1.03237 0.707
65.0 0.5909 343.0 6.71 8.13 0.0152 0.564 75.9 0.0132 1.00219 0.704
70.0 0.5491 369.0 6.70 8.12 0.0141 0.590 79.4 0.0206 1.00203 0.702
75.0 0.5128 395.0 6.69 8.12 0.0132 0.617 82.8 0.0231 1.30190 3.700
80.0 0.4811 422.0 6.68 8 .11 0.0124 3.643 86.1 3.0256 1.03178 0.698
90.0 0.4281 474.0 6.67 8.10 0.0110 0.694 92.5 0.0311 1.03159 0.694
100.0 0.3357 526.0 6.66 8.09 „ . J 99 0.744 98.7 0.0370 1.03143 0.691

125.0 0.3092 656.0 6.64 8.08 0.30793 0.863 112.0 0.0536 1.03115 0.673
150.0 .2581 786.0 6.63 8.06 . 66

1

0.975 126.0 0.0727 1.33096 0.670
175.0 0.2215 916.0 6.62 8.05 . 56 7 1.08 139.0 0.0941 1.00382 0.668
200.0 0.1940 1050.0 6.61 8.05 0.00497 1.18 152.0 0.118 1.00072 0.666
225.0 0.1725 1180.0 6.61 3.04 0.00442 1.28 164.0 0.143 1.03064 0.666
250.0 0.1554 1310.0 6.60 8.04 0.00398 1.38 176.0 0.171 1.00358 0.666
275.0 0.1413 1430.0 6.60 8.03 3 . 36 2 1.47 188.0 0.200 1.33052 0.667
300.0 0.1296 1560.0 6.60 8.03 . 33 2 1.55 2CO.0 0.230 1.00048 0.668
350.0 0.1111 1820.0 6.59 8.03 0.00285 1.72 222.0 0.299 1.03041 0.663
400.0 0.09729 2080.0 6.59 8.02 0.00249 1.89 243.0 0.374 1.00036 0.668

450.0 0.08651 2340.0 6.59 8.02 0.00222 2.05 264.0 0.457 1.00332 0.667
500.0 0.07788 2600.0 6.59 8.02 0.00199 2.21 284.0 0.546 1.00029 0.667
600. 0.06493 3120. 6.59 8.01 0.00166 2.51 322.0 0.744 1.00024 0.667
700.0 0.05567 3640.0 6.58 8.01 C. 00143 2.80 359.0 0.968 1.00021 0.667
800.0 0.04872 4160.0 6.58 8.01 0.00125 3.07 394.0 1.21 1.00018 0.666
900.0 0.04331 4680.0 6.58 8.01 C. 00111 3.34 429.0 1.48 1.33316 0.666
1000.0 0.03899 5200.0 6.58 8 .01 0.00100 3.60 462.0 1.78 1.00014 0.666
1100.0 0.03545 5720.0 6.58 8.01 0.000908 3.85 494.0 2.09 1.00013 0.666
1200.0 0.03250 6240. D 6.58 8.01 0.000833 4.10 525.0 2.43 1.00012 0.666
1300.

D

0.03000 6760.0 6.58 8.01 C. 000769 4.34 556.0 2.78 1.00011 0.666

1400.0 0.02786 7280.0 6.58 8.00 0.303714 4.57 586.0 3.16 1.03313 0.666
150 0.0 0.02600 7800.0 6.58 8.00 C. 000666 4.80 616.0 3.56 1.00010 0.666

HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM l>

9.0 ATHOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY CF SOUND

DEC K »• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.079 0.06235
2.5 0.06266 835.0 2.36 3.626 9.31.0 1.71.5 1.552 1.619 297.0
3.0 0.06336 769.0 3.53 *.383 10.16 2.056 1.781 1.979 29*.

2

3.5 0. 361.1.7 685.0 *.33 5.306 11.19 2.362 1.956 2.359 289.*
lt.0 0.06599 597.0 It. 80 6.lt0tt 12.1.2 2.716 2.09* 2.777 263.2
*.5 0.06302 507.0 1..98 7.717 13.92 3.069 2.252 3.282 273.6
5.0 0.07071 1.19.0 it. 89 9.305 15.75 3.1,1,6 2.*38 3.882 260.1
5.1 0.07135 1.01.. 1..85 9.661. 16.17 3.527 2.*75 *.006 257.*
5.2 0.07201. 391.0 It. 81 10. Oit 16.61 3.608 2.*91 *.108 255.6
5.3 0.07269 376.0 *.76 10.39 17.02 3.667 2.*69 *.176 253.8

5.1. 0.07337 361.0 *.70 10.75 17.1,1, 3.766 2-*7i. *.281 251.*
5.5 0.07H09 31.6.0 lt.6it 11.12 17.88 3.81.6 2.*80 *.390 2*8.9
5.6 0.07<.85 331.0 it. 58 11.50 18.32 3.926 2.*88 *.507 2*6.*
5.7 0.07565 316.0 *.52 11.68 18.78 I,. 007 2.*98 *.632 2*3.7
5.8 0.0761.9 302.0 it. it

5

12.27 19.25 *.089 2.508 *.76* 2*1.0
5.9 0.07736 286.0 it. 38 12.68 19.73 I,. 172 2.520 *.90* 238.3
6.0 0.07832 271.. It. 31 13.09 20.23 *.256 2.53* 5.053 235.5
6.5 0.08392 212.0 3.90 15.32 22.97 I,. 697 2.613 5.935 220.9
7.0 0.09160 162.0 3. It It 17.89 26.21. 5.182 2.709 7.039 206.7
7.5 0.1022 129.0 2.95 20.81 30.12 5.719 2.813 8.161 195.0

e.o 0.1158 116.0 2.50 23.97 31.. 53 6.290 2.912 8.797 188.1
6.5 0.1316 117.0 2. 12 27-13 39.13 6.81.6 2.989 8.73* 186.3
9.0 0.11.78 127.0 1.83 30. 08 1.3.56 7.355 3.037 8.313 167.*
9.5 0.1636 137.0 1.61 32.70 1.7.61 7.791, 3.057 7.909 169.6

10.0 0.1791 11.9.0 1.1.3 35.11. 51.1.8 8.190 3.071 7.559 192.7
11.0 0.2093 17*.0 1.19 39.55 58.61. 6.876 3.081 7.019 200.5
12.0 0.2385 200.0 1.02 1.3.61 65.36 9.1.63 3.090 6.66* 209.2
13.0 0.2669 227.0 3.896 1.7. 1.5 71.79 9.98 3.100 6.*19 218.2
1*.0 0.29-.6 253.0 0.803 51. 16 78.02 10.1.1, 3.108 6.2*1 227.0
15.0 0.3218 28C.0 0.729 51.. 77 81.. 12 10.66 3.116 6.105 235.6

16.0 0.31.86 306.0 0.667 58.37 90.16 11.25 3.123 5.986 2*3.7
17.0 0.371.9 331.0 0.615 61.91 96.10 11.61 3.127 5. 869 251.5
18.0 0.1.007 357.0 0.571 65.1.0 101.9 11.95 3.130 5.809 258.9
19.0 0.1.263 381.0 0.533 68.81. 107.7 12.26 3.133 5.7*3 266.2
20.0 0.1.516 1.06.0 0.501 72.25 113.1. 12.55 3.13* 5.687 273.1
21.0 0.1.766 1.30.0 0.ii72 75.63 119.1 12.83 3.136 5.639 279.9
22.0 0.5015 1.51.. 0.1.1.6 78.96 121..

7

13.09 3.136 5.598 286.5
23.0 0.5261 1.77.0 0.1.21! 82.32 130.3 13.31. 3.137 5.562 292.9
2*.0 0.5506 501.0 0.1.03 85.63 135.8 13.57 3.137 5.531 299.1
25.0 0.571.9 521.. 0.385 88.93 11.1.1, 13.80 3.137 5.50* 305.2

26.0 0.5991 51.7.0 0.368 92.21 11.6.8 11.. 01 3.137 5.*79 311.1
26.0 0.61.73 592.0 0. 339 98.71. 157.8 It. 1.2 3.137 5.*39 322.5
30.0 0.6950 637.0 0.3Ht 105.2 166.6 III. 79 3.136 5.*06 333.5
32.0 0.71.25 681.0 C.292 111.7 179.1. 15.1* 3.136 5.379 3**.l
3 It. 0.7897 725.0 0.271. 116.1 190.1 15. *7 3.135 5.357 35*.

3

36.0 0.8367 769.0 0.258 121..

5

200.8 15.77 3.13* 5.339 36*.

2

38. 0.8835 812.0 0.2lt3 130.9 211.5 16.06 3.133 5.323 373.8
1.0.0 0.9302 655.0 0.230 137.3 222.1 16.33 3.133 5.310 383.2

1.5.0 1.01.6 962.0 0.20lt 153.2 21.8.6 16.96 3.131 5.28* *05.5
50.0 1.16 2 1070.0 0.183 169. 275.0 17.51 3.130 5.266 *26.5
55.0 1.277 1170.0 0.165 181.. 8 301.3 18.01 3.128 5.252 41.6.5
60.0 1.393 1280.0 0.151 200.5 327.5 16.*7 3.127 5.2*2 *65.6
65.0 1.507 1380.0 0.139 216.2 353.7 18.89 3.126 5.23* *e*.o
70.0 1.622 11.80. 0.129 231.9 379.8 19.28 3.126 5.227 501.6
75.0 1.736 1590.0 0.121 21.7.6 1.06.0 19. 6* 3.125 5.222 518.6
80.0 1.851 1690.0 0.113 263.3 1.32.1 19.97 3.12* 5.218 535.0
90.0 2.079 1900.0 0.100 291.. 6 *8*.2 20.59 3.123 5.212 566.5
100.0 2.308 2100.0 0.0902 325.9 536.3 21.1* 3.122 5.206 596.3

125.0 2.878 2620.0 0.0721 1.01.. 666.1. 22.30 3.121 5.201 66*.

6

150.0 3.1.1.8 3130.0 0.0600 lt82. 796.1, 23.25 3.120 5.196 726.9
175.0 *.017 361.0.0 0.0511. 560.0 926.3 2*. 05 3.119 5.196 78*.

1

200.0 4. 586 1.160.0 0.01.50 638. 1056.0 2*. 7* 3.119 5.195 837.*
225.0 5.156 1.670.0 0.01.0 715.9 1186.0 25.35 3.119 5.19* B87.5
25 0.0 5.725 5180.0 0. 0360 793.9 1316.0 25.90 3.116 5.19* 93*.

9

275.0 6.291. 5690.0 0.0327 871.8 11,1.6.0 26.*0 3.118 5.19* 980.0
300.0 6.863 6200.0 0. 0300 91.9.7 1576.0 26.8 5 3.118 5.193 1023.0
350.0 8.032 723C.0 0.0257 1106.0 1635.0 27.65 3.118 5.193 110*.
1.00.0 9.11.0 8250.0 0.0225 1261. 2095.0 28.3* 3.118 5.193 1180.0

1.5 0.0 10.28 9280.0 0. 0200 11.17. 2355.0 28.95 3.117 5.193 1251.0
500.0 11.1.2 10300.0 0.0160 1573.0 2611,. 29.50 3.117 5.193 1318.0
600.0 13.69 12300.0 0.0150 1885.0 3133.0 30. *5 3.117 5.193 1***.0
700.0 15.97 It.1.00.0 0.0129 2196.0 3653.0 31.25 3.117 5.193 1559.0
600.0 18.25 161.00.0 0.0112 2508.0 1,172.0 31.9* 3.117 5.193 1666.0
90 0.0 20.52 18500.0 0. 01C0 2820.0 1.691.0 32.55 3.117 5.193 1767.0

1000.0 22.80 20500.0 0.00900 3131. 5211.0 33.10 3.117 5.193 1862.0
1100.0 25.03 22600.0 0.00818 31.1.3. 5730.0 33.59 3.117 5.193 1953.0
1200.0 27.36 21.6 0.0 0.00750 3751.. 621.9.0 3*. 05 3.117 5.193 2039.0
130C.O 29.63 26700.0 0. 00692 1.066. 6768.0 3*.*6 3.117 5.193 2123.0

1 1.00.0 31.91 28700.0 0. 006*3 1.378.0 728B.0 3*. 65 3.117 5.193 2202.0
1500.0 3i». 19 30800.0 0. 00600 1.669. 7807.0 35.20 3.117 5.193 2280.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN MULTIPLIED BY THE INDICATED FACTOR



9.0 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY -V(OP/OV> (DV/DTI/V THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CM-S SQ-CM/S« x 1000000

2.079 16.04
2.5 15.96 91.5 9.51 133.0 0.0177 0.187 56.2 0.000724 1.06016 0.486
3.0 15.78 68.0 12.6 121.0 0.3291 0.206 54.7 0.D00660 1.05946 0.525
3.5 15.51 58.0 14.3 1C6.0 0.0407 0.221 51.9 0.03C603 1.C5843 0.555
4.0 15.15 52.3 15.1 90.5 0.0 5 31 0.234 48.7 0.000556 1.05706 0.578
4.5 14.70 49.2 15.0 74.6 0.0667 0.245 45.6 0.000509 1.05533 0.610
5.0 14.14 47.1 14.2 59.3 C.0824 0.254 42.5 0.000462 1.05319 0.651
5.1 14.01 46.8 14.0 56.6 . 8 57 0.255 41.9 0.000454 1.C5271 0.659
5.2 13.88 46.4 13.9 54.3 0.0886 0.256 41.4 0.000449 1.05220 0.663
5.3 13.75 45.4 14.0 51 .7 0.0920 0.257 40.9 0.000448 1.05172 0.663

5.1. 13.63 44.7 13.9 49.1 0.0957 0.258 40.4 0.000443 1.05123 0.669
5.5 13.50 44.1 13.9 46.6 0.100 0.259 39.9 0.000437 1.05073 0.676
5.6 13.36 43.5 13.8 44.2 0.104 0.260 39.4 0.000432 1.05021 0.683
5.7 13.22 42.8 13.7 41 .8 0.108 0.260 38.9 0.000425 1.04967 0.692
5.8 13.07 42.3 13.6 39.5 0.113 3.261 38.5 0.000419 1.34912 0.703
5.9 12.92 41.7 13.4 37.2 0.118 .261 38.0 0.000412 1.04854 0.714
6.0 12.77 41.1 13.3 35.0 0.123 0.261 37.6 0.000405 1.04795 0.727
6.5 11.92 38.5 12.5 25.3 0.154 0.260 35.5 0.000368 1.04471 0.810
7.0 10 .92 36.3 11.6 17.7 0.194 0.257 33.6 0.003334 1.04091 0.922
7.5 9.789 35.0 10.7 12.7 0.233 0.251 32.0 0.000 214 1.C3664 1.04

8.0 8.634 35.1 10.0 10 .0 0.251 0.244 30.8 0.000321 1.03227 1.11
8.5 7.600 36.6 9.35 8.91 0.239 0.237 30.1 0.000357 1.32838 1.11
9.0 6.765 38.9 8.91 8.57 0.214 0.233 29.7 0.00U414 1.02523 1.06
9.5 6.114 41.3 a. 60 8.39 0.192 0.231 29.7 0.000478 1.02279 1.02

10. 5.582 43.8 8.36 8.31 0.172 .231 29.9 0.003547 1.02080 0.979
11.0 4.778 49.3 8.05 8.32 0.142 0.233 30.4 0.000695 1.01778 0.916
12.0 4.193 55.0 7.85 6.40 0.121 0.238 31.2 0.000851 1.01560 0.874
13.0 3.747 60.9 7.71 8.50 D.1C5 0.2 44 32.1 0.00101 1.01393 0.844
14.0 3.394 66.8 7.61 8 .60 0.0934 0.251 33.0 0.00118 1.01261 0.822
15.0 3.107 72.8 7.53 8.69 0.0 8 38 0.258 34.0 0.0 0136 1.01154 0.806

16.0 2.869 78.8 7.44 8.77 C.0760 0.265 35.0 0.00154 1.01365 0.791
17.0 2.668 84.7 7.37 8 .84 0.0696 0.272 36.0 0.00173 1.00991 0.780
18.0 2.495 90.5 7.31 8.90 0.0642 3.279 37.0 0.03192 1.03926 0.771
19.0 2.346 96.3 7.26 8.95 0.0596 0.286 38.0 0.00212 1.0J871 0.763
20.0 2.214 102.0 7.21 8.99 0.0557 0.293 39.0 0. 00233 1.03822 0.757
21.0 2.098 108. 7.17 9.02 0.0523 0.300 40.0 0.00254 1.03779 0.752
22.0 1.994 113.0 7.14 9.05 0.0493 0.307 41.0 0.00275 1.03740 0.748
23.0 1.901 119. 7.11 9.08 0.0467 0.314 42.0 0.OC297 1.00735 0.744
24.0 1.816 125.0 7.08 9.10 0.C443 0.321 43.0 3.00319 1.00674 0.741
25.0 1.739 130.0 7.05 9.11 0.0422 0.327 43.9 0.00342 1.03645 0.738

26.0 1.659 136.0 7.03 9.13 0.0403 3.334 44.9 0.00365 1.00619 0.736
28.0 1.545 147.0 6.99 9.15 0.0370 0.347 46.7 0.00413 1.00573 0.7 32
30.0 1.439 158.0 6.95 9.17 0.0 3 42 0.360 48.6 0.00463 1.00533 0.729
32.0 1.347 169.0 6.93 9.18 0.0319 0.373 50.4 0.CU515 1.03499 0.7 26

34.0 1.256 180. C 6.90 9.18 0.0298 3.386 52.1 0.00569 1.03469 0.7 24
36.0 1.195 190.0 6.88 9.19 0.0280 0.398 53.9 0.0C624 1.03443 0.722
38.0 1.132 201.0 6.86 9.19 0.0265 0.411 55.5 0.00681 1.03420 0.720
40.0 1.075 212.0 6.84 9.19 0.0251 0.423 57.2 0.00741 1.00398 0.719

45.0 0.9556 238.0 6.81 9.19 0.0222 0.453 61.3 0.0 0896 1.30354 0.715
50.0 0.8605 265.0 6.78 9.18 0.0199 0.482 65.1 0.0106 1.03319 0.712
55.0 0.7826 291.0 6.76 9.18 J. J 160 0.510 68.9 0.0124 1.30290 0.710
60.0 0.7181 318.0 6.74 9.17 0.0165 3.538 72.5 0.0143 1.C3266 0.707
65.0 0.6634 344.0 6.72 9 .16 0.0152 0.565 76.1 0.0163 1.03246 0.7C5
70.0 0.6165 370.0 6.71 9.15 0.0141 0.592 79.5 0.0184 1.00228 0.702
75.0 0.5759 396.0 6.70 9.15 . C 1 32 0.618 82.9 C.02C6 1.00213 0.700
80.0 0.5403 422.0 6.69 9.14 0.3124 0.644 86.2 0.0229 1.03203 0.698
90.0 0.4809 474.0 6.68 9.13 0.0113 0.695 92.6 0.0277 1.00178 0.694
100.0 0.4333 527.0 6.66 9.12 0.30989 0.745 98.8 0.0330 1.03160 3.691

125.0 0.3475 657.0 6.64 9.10 0.00792 0.864 112.0 0.C47 8 1.03129 0.673
150.0 0.2901 787.0 6.63 9.08 0.00661 0.976 126.0 0.0648 1.03107 0.670
175.0 0.2489 916.0 6.62 9.07 0.00567 1.06 139.0 0.0838 1.00092 0.668
200.0 0.2180 1050.0 6.62 9.06 0.00497 1.19 152.0 0.105 1.03081 D.666
225.0 0.1940 1180.0 6.61 9.05 0.00442 1.28 164.0 0.127 1.00072 0.666
250.

D

0.1747 1310.0 6.61 9.05 0.00398 1.38 176.3 0.152 1.00065 0.666
275.0 0.15B9 1440.0 6.60 9.04 0.0C362 1.47 188.3 0.178 1.00059 0.667
300.0 0.1457 1570.0 6.60 9.04 0.00332 1.55 200.3 0.205 1.00054 0.668
350.0 0.1250 1830.0 6.60 9.03 0.00285 1.72 222.3 0.266 1.00046 0.668
400.0 0.1094 2080.0 6.59 9.03 0.00249 1.89 243.0 0.333 1.0„041 0.668

450.0 0.09729 2340.0 6.59 9.02 0.00222 2.05 264.0 0.406 1.03036 0.667
500.0 0.08759 2600.0 6.59 9.02 0.30199 2.21 284.3 0.486 1.03032 0.667
600.0 0.07303 3120.0 6.59 9.02 0.00166 2.51 322.0 0.662 1.0J027 0.667
700.0 C. 05261 3640.0 6.59 9.01 0.00143 2.80 359.0 0.860 1.00G23 0.667
800.0 0.05480 4160.0 6. 58 9.01 0.33125 3.37 394.0 1.08 1.03020 0.666
900.0 0.04872 4680.0 6.58 9.01 0.30111 3.34 429.3 1.32 1.00018 0.666
1000.0 0.04386 5200.0 6.58 9.01 0.00100 3.6C 462.0 1.58 1.00016 0.666
1100.0 0.03987 5720.0 6.58 9.01 0.300908 3.85 494.3 1.86 1.03315 0.666
1200.0 0.03655 6240.0 6.58 9.01 0.000832 ».1C 525.3 2.16 1.08014 0.666
1300.0 0.03375 6760.0 6.58 9.01 J. 003768 4.34 556.0 2.47 1.00012 0.666

1400.0 0.03134 7280.0 6.58 9. 01 0.000714 4.57 586.0 2.81 1 . 3 J 1

2

0.666
1500.0 0.02925 7800.0 6.58 9.01 0.300666 4.80 616.3 3.16 1.03011 0.666

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUH HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR



ICO ATMOSPHERE ISOBAR
THERHOOYNAMIC PROPERTIES OF

TEMPERATURE VOLUME
CC/G

OEG. K

2.067
2.5
3.0
3.5
"t.O

"..5

•« X .01

0.06190
0.06219
0.06286
0.06388
0.06530
0.06717
0.06962
0.07319
0.07080
0.07138

0.07199
0.07263
0.07330
0.07399
0.071.72
0.075<«9
0.07629
0.08099
0.08715
0.09531

0.1059
0.1185
0.1325
0.1".66
0. 16 3

0.1871
0.2133
0.2388
0.261.0
0.2887

ISOTHERM
DERIVATIVE
CC-ATM/G

872.0
808.0
726.0
639.0
550.0
1.63.0

ISCCHORE INTERNAL
OERIVATIVE ENERGY

ATM/K J/G

1.35.0

390. C

375.0
360.0
31.6.0

332.0
319.0
255.0
202.0
162.0

139.0
132.0
136.0
11.6.0

156.0
179.0
203.0
228.0

16.0 0.3129 306.0
17.0 0.3368 332.0
18.0 0.36 3 357.0
19.0 0.3835 382.0
20.0 0.1.061. i»07.0

21.0 0.1.231 1.31.0
22.0 0.1.516 i.55.0

23.0 0.1.71.0 1.79.

C

2".. 0.1.961 503.0
25.0 0.5182 526.0

26.0 0.51.01 51.9.0

28.0 0.5836 595.0
30.0 0.6268 64 0.0
32.0 0.6697 681..

31.. 0.7123 729.0
36.0 0.751.7 772.0
38.0 0.79 7 816.0
1.0.0 0.8391 859.0

1.5.0 0.91.1.0 966.0
50.0 1.01.8 1070.0
55.0 1.152 1180.0
60.0 1.256 1280.0
65.0 1.359 1390.0
70.0 1.1.6 3 11.90.0
75.0 1.565 1590.0
80.0 1.66 9 1700.0
90.0 1.871. 1900.0

100.0 2. 080 2110.0

125.0 2.59 3 26 2 CO
15 0.0 3.106 311.0.0
175.0 3.618 3650.0
200.0 "1.131 •.160.0
225.0 ">.6"t3 1.6 7 0.0
25 0.0 5.155 5190.0
275.0 5.668 5700.0
300.0 6.180 6210.0
35 0.0 7.201. 7230.0
1.00.0 8.229 8260.0

1.50.0 9.253 9280.0
500.0 10.28 10300.0
600.0 12.33 121.0C.0
700.0 11.. 38 11.1.00.0

800.0 16.1.3 16500.0
900.0 18.1.7 18500.0

1000.0 2 0.52 20500.0
1100.0 22.57 2 2600.0
1200.0 21.. 62 2 '(6 0.0
1300.0 26.67 26700.0

11.00.0 28.72 28700.0
1500.0 30.77 30800.0

THO-PtIASE BOUNDARY
* NUMBERS IN THIS COLU MN HAVE BEEI

1..87

5. 07

.910

.821.

.752

.693

3.629
1..365
5.26?
6. 330
7.602
9. 135

9. 81.0

10. 18

10.52
10. 87
11.23
11.60
11.97
12.35
12.71.
11.. 82
17. 17

19.81

22.71
25.71.
28. 7 1

31.50
34. 01
38. 51(

1(2.70
1.6.62
5 0.39

, 05

57.71
61.29

.529 75,.15

.500 78,,53

.1.71. 81,,88

.1.51 85.,22

.1.30 88,,53

.1.11 91 .83

. 37e 98,.39
0. . 350 101.. 9

.326 Ill ,U

, 305 117,,8
.287 121.,,3

.271 130.,7

.257 137,,1

,227 153,,0
0..203 168. 8

c .181. 181.,,6

,168 200.,!(

.155 216.,1

.11.1. 231. 8

. 131. 21.7.,5

.126 263, 2

0,• 111 291.,,5

0. . 100 325, 8

, G801 1.03. 9
0.,0667 1.82.

0. . 0571 560.
0,,0500 638,

.01.1.1. 715. 9
0,.01(00 793, 9
0. , 0363 871. 8

o, , 0333 91.9, 7

0,.0286 1106.
0, . 0250 1261.

0,,0222 11.17.

0,,0200 1573.
0. . 0167 1885.
1,,011.3 2196.
o,,0125 2508.
0,,0111 2820.
0..0100 3131,
0,,00909 31.1(3.

0,,00633 375l(.

0.,00769 1.066.

0,,007H( 1.378.

0. 00666 1.689.

10.73
11.71.

12.95

17. 82
18.23
18.66
19.09
19.51.

20.00

107.
112.
118.

11.6.6
157.5
168.1.

179.2
190.0
200.7
211.1.
222.1

21.8.6
275.0
301.1.

327.6
35 3.8
380.0
1.06.2
1.32.3

536.6

666.7
796.7
926.6
1057.0
1186.0
1316.0
11.1.6.0

1576.0
1836.0
2095.0

2 35 5.0
2615.0
3131..

3653.

C

W172.0
1.692.0
5211.0
5730. C

621.9.0
6769.0

MULTIPLIEO BY THE INCICATEO FACTOR

ENTROPY

J/G-K

.726

.036

.351.

3.51.7

3.623

3.699
3.776
7.852
3.930
1..007
I.. 086
"1.165
"..576

5.018
1.99

7.1.97
7.896
8.590
9.185
9.708

10.18
10.60

11.00
11.36
11.70
12.01
12.31
12.59
12.85
13.10
13.3".
13.56

13.78
1".. 19
1"..56
1"..91
15.2".

15.55
15.8".

16.11

16.73
17.29
17.79

19.75
20.37
20.92

22.08
23.03
23.83

28.73
29.28
30.23
31.03
31.72
32.33
32.88
33.38
33.83
3".. 2".

3".. 63

1.523
1.763
1.939
2.076
2.235
2.1.20
2.1(57

2.1.55
2.1.61

2.1.68
2.1.77

2.1.87

2.1.99

2.511
2.581.

2.671
2.765

2.858
2.939
3.C01
3.01.1

3.059
3. 071.

3.085
3.095
3.105
3.11".

3.122
3.127
3.131
3.13".

3.136
3.137
3.138
3.139
3.139
3.139

3.139
3.139
3.138
3.137
3.137
3.136
3.135
3.13".

3.133
3.131
3.130
3.129
3.128
3.127
3.126
3.125
3.121.
3.123

3.122
3.121
3.120
3.119
3.119
3.119
3.118
3.118
3.118
3.118

3.118
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117
3.117

1.583
1.51.8
2.317
2.718
3.198
3.756
3.871
3.961
"..019

1..303
"1.1.10

"(.521
"(.639
I.. 763
5.1.81
6.362
7.327

8.1Hi
8.1.29

8.289
7.91.5
7.633
7.112
6.757
6.508
6. 323
6.182

6.056
5.953
5.867
5.795
5.73".
5.682
5.638
5.599
5.565
5.535

5.508

303.1
300.7
296.5
291.0
282.3
269.6
267.3
265.7
26"..

1

262.0
259.7
257.1.

255.0
252.5
250.0
2".7."i

23"t.l
220.7
208.7

200.0
195.6
19"..

9

196. ".

198.5
201.. 6

212.3
220.6
229.1
237.".

2<t5.lt

253.0
260.5
267.6
27"..

6

281.3
287.9
291..

3

300.5
306.5

312.1.

5,.".28 331.,,9
5.,399 3ii5 .It

5,,375 355..6
5.,351. 365 .5

5, , 337 375 ,1

5,,322 38"i ."

5,,29ii 406,.7
5,,273 1.27,,7

5,,258 i*".7.,7

5,,21.7 1.66,,7

5,,238 1.85.,0

5.,231 502,,6
5,,226 519 ,6

5.,221 536,,0
5. . 21". 567,,"i

5,,209 597,,1

5..202 665,,6
5,,199 727,,6
5,,197 781.,,8

5. 195 838,,0
5. 195 888,,0
5, . 19". 935.,it

5.,19". 980.,5
5, 193 102lt,,0

5. 193 1105,
5..193 1180,,0

5. 193 1251..0
5..193 1319.
5. 193 n't"!,,0

5. 193 1559.
5, 193 1666,
5. 193 1767.
5. 193 1862.
5. 193 1953.
5. 193 20"t0.

5. 193 2123.

5. 193 2203.
5. 193 2280.



10.0 athospmere isobar
TMERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

OEG.K G/CC

VCDP/OUI

ATM-CC/J

/ IOP/0VI (OV/OT) /V
T P

ATM 1/DEG.K

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MU/CM-K G/CM-S SO-CM/S
•• X 100G001

9.0
9.5

13.0

38.0
30.0

1D0.O

125.0
150.0
17S.0
200.
225.0
250.0
275.0
300.0
350.0
1.00.0

45 0.0
500.0
600.0
700.0
800.0
900.0
1000.0
1100.0
1200.0
1300.0

H00.

J

16.16
16.09 95.7
15.91 71.1
15.65 60.1.

15.31 51..

6

14.89 51.6
li.. Jo 1.9.8

11.. 25 1.9.5

5 4 13.89
5 5 13.77
5 6 13.60
5 7 13.51
5

5

.8

9

.0

13.38
13.25
13.11

6 .5 12.35
7 .0 11.47
7 5 10.49

3.196
2.959
2.775
2.608
2.460
2.330
2.214
2.110
2.016
1.930

1.852
1.713
1.595
1.493
1.404
1.325
1.255
1.192

1.059

38.3
40.1
42.5

96.4
102.0
108.0
114.0
119.0
125.0
131.0

136. 5

147.0
158.1
169.3
180. C

191.0
202.0
212.

C

86 7 9 292.1
7963 318. C

7357 345.0
6838 371.0
6387 397. E

.5993 423. G

5335 475.0
4808 527.0

3856 658.0
3220 787.0
2764 917.0
2421 1050.0
.2154 1180.0
.1940 1310.0
1764 1440.3
.1618 1570.0
.1388 1830.0

1 1215 2090.0

10B1 2350.0
.09730 2600.0
09112 3120.0
.06956 3640.0
.05088 4160.0
.05413 4680.3
.04872 5200.0
.04430 5720.3
.04061 6240.0
.03749 6760.

D

.03482 7280.0

.03250 7800.0

9.86
9.35
8.96
8.67
8.28
8.03
7.86
7.74

7.39
7.34
7.29

4j .0 0.3165 0.189 58.2 0.000742 1.06062 0.488
29.0 3.0274 0.208 56.6 0.0 00 672 1.05996 0.529
14.0 G. 1,383 0.223 53.6 C. 000616 1.05898 0.557
97.8 5.5498 3.237 50.4 0.GC55?., 1.C5768 0.577
81 .9 u.0620 .249 47.1 0.000524 1.05605 0.604
66.5 0.375* 0.258 44.0 0.000479 1.35405 0.640
63.8 0.0782 0.260 43.4 3.000471 1.35359 0.647
61 .4 ..3836 J. 261 42.8 0.0 OL 46

7

1.05313 0.650
58 .8 0.0834 0.262 42.3 0.005466 1.G5268 0.648

56.2 0.0864 0.264 41.8 0.000462 1.05223 0.6 52
53.7 0.0896 0.265 41. * C.C3i,458 1.35177 0.656
51.2 3.0929 0.26b 43.9 0.003453 1.05129 0.662
48 .7 0.0963 0.267 40.4 C. 003447 1.D5060 0.668
46.3 0.100 3.267 40.0 0.0U3442 1.05030 0.676
44.

C

0.104 3.268 39.5 0. 003436 1.04979 0.684
41 .7 3.1C8 3.2b8 39.1 0.000433 1.C4924 0.694
31 .5 0.131 0.269 37.1 0.0G0 397 1.54635 0.757
23 .2 0.161 0.266 35.3 0.003365 1.04303 0.842
17 .0 0.192 3.262 33.7 0.0 5 1.34 1 1.33930 0.941

13.1 0.216 3.256 32.4 0.000334 1.03535 1.03
11 .1 C.22J 3.250 31.5 G.0C0351 1.03153 1.06
10 .3 0.207 0.244 31.0 U. 005291 1.32919 1.05
9.94 0.197 3.241 30.8 C. 500445 1.52545 1.01
9.72 0.17C 0.243 30.8 0.000504 1.02326 0.980
9.55 0.142 0.241 31.2 3.000633 1.01991 0.923
9 .52 C.122 3.24, 31.9 J.0LC772 1.31745 0.882
9.57 0.106 0.255 32.7 C.O0C917 1.01557 0.852
9.63 0.0944 3.2 56 33.6 0.00107 1.01409 0.830
9.71 3.0849 3.263 34.5 0.00123

.
1.01287 0.813

9.79 u.3769 3.269 35.5 0.5C139 1. 01187 0.799
9.86 0.0703 3.276 36.5 0.00156 1.01103 0.787
9.92 . 3 6 48 3.283 37.5 5.00174 1.01031 0.777

10 .0 0.0631 0.295 38.4 3.00192 1.53968 0.769
10. 3.0561 3.297 39.4 0.00215 1.33913 0.762
10 .1 0.0527 0.303 40.4 0.00229 1.33865 0.756
10 .1 fc.0496 0.310 41.4 3.55249 1.00822 0.752
10 .1 0.3 469 0.317 42.3 5.00268 1.03793 0.748
10 .1 0.3445 0.324 43.3 0.00289 1.35749 0.744
10 .2 li.0424 3.330 44.2 u. 00319 1.30716 0.741

10 .2 0.0435 3.337 45.2 0.00330 1.03687 0.7 39

13 .2 3.0371 3.3 50 47.0 0.03374 1.33636 0.7 34

10 .2 0.0343 3.363 48.8 3.00419 1.30592 0.731
13.2 0.0319 3.376 55.6 0.00466 1.33554 0.7 28
10 .2 0.0 2 99 3.388 52.4 0.00514 1.03521 0.725
U .2 0.3281 3.400 54.1 0.005t5 1.05491 0.723
10 .2 0.0265 3.413 55.8 C.3C616 1.C0465 0.721
10 .2 3.3251 0.425 57.4 3.O067C 1.30442 0.720

10 .2 5.3221 3.454 61.5 3.00810 1. 3 1 39

3

0.716
10 .2 0.0199 0.483 65.3 0.00961 1.50354 0.713
10 .2 0.3180 0.512 69.1 3.0112 1.03322 0.710
13 .2 3.0165 1.539 72.7 3.0129 1.00295 0.707
10 .2 J. 3152 3.567 76.2 0.0147 1.30273 0.705
10 .2 0.3141 0.593 79.7 0.3166 1.53253 0.7C3
13 .2 5.5132 3.625 83.1 0.3186 1.03237 0.700
10 .2 3.C123 0.646 86.3 0.0206 1.00222 0.698
10 .2 0.0113 0.696 92.7 3.0250 1.00198 0.694
10 .1 3.00989 3.746 98.9 0.0298 1.3J178 0.691

10 .1 0.30791 3.865 112.3 0.0431 1.30143 0.673
10 .1 3 . u 3 66 5.977 126.0 C.0584 1.50119 0.670
10 .1 0.00566 1.08 139.0 0.0755 1.33132 0.667
10 .1 3. 10496 1.19 152.0 0.0943 1.5 1090 0.666
10 .1 0.00441 1.29 164.0 0.115 1.53080 0.666
10 .1 0.35397 1.39 177.0 3.137 1.03372 0.666
10 .1 . 36 2 1.47 188.0 0.165 1.55565 0.667
10 .0 0.30332 1.55 250.0 0.185 1.05360 0.668
10 .0 0.50294 1 .73 222.0 0.239 1.01051 0.668
10.0 3.00249 1 .89 243.0 0.300 1.03045 0.667

10 .0 . J 22

1

2.05 26».0 0.366 1.01043 0.667
10 .0 0.00199 2.21 284.0 0.437 1.00036 0.667
10 .0 0.00166 2.51 322.0 3.596 1.01333 0.667
10 .0 0.03143 2. 80 359.0 0.774 1.00326 0.667
10 .0 3.00125 3.07 394.0 0.972 1.01023 0.666
13 .0 0.00111 3.34 429.0 1.19 1.00023 0.666
10 .0 C. 00100 3. 60 462.0 1.42 1.03018 0.666
13 .0 0.30C95S 3.95 494.0 1.67 1.03016 0.666
10 .0 5.U00832 4.15 525.0 1.94 1.01015 0.666
10 .0 0.000768 4.34 556.0 2.23 1.1-314 0.666

10 .0 5.303714 4.57 586.0 2.53 1.30013 0.666
10 .0 0.300666 4.90 616.0 2.95 1 . J 1 2 0.666

tl BEEN MULTIPLIED BY THE INOICATEO FACTOR



11.0 ATMOSPHERE ISOBAR
THERHOCYNAMIC PROPERTIES OF HELIUM

TEMPERATURE VOLUME
CC/G

DEG. K •• X .01

* 2.0514 0.06147
2.5 0.06175
3.0 0.06236
3.5 0.06333
4.0 0.06".66

5.2
5.3

50.0
55.0

0.06917
0.06972
0. 07025

0.07080
0.07137
0.07196
0.07258
0.07323
0.07391
0. 07461
0.07867
0.08381
0.0901.2

0.09882
0.1091
0.1208
0.1332
0.11.57
0.1696
0.1932
0.2161.
0.2392
0.2618

0.281.0
0.3058
0.3273
0. 31.86

0.3696
0.3901.
C. UIIO
0.1.311.

0.1.918
0.5316
0.5710
0.6101
0.61.9

0.6877
0.7262
0.761.6

0.9601
0.9551
1.050
1.1*4
1.238
1.332
1.1.26

1.520
1.707
1.891.

125 2 36
15 2 826
175 3 292
200 3 75 8

225 1* 224
25 4 69
275 5 155
300 5 621
350 6 552
1.00 7 1.83

1.50 8 1.15

500 9 31.6

600 11 21
700 13 07

800 11. 93
900 16 80

1O0C 18 66
1100 20 52
1206 22 39
1300 21. 25

11.00 26 11
1500 27 98

ISOTHERM
OERIVATIVE
CC-ATH/G

765.
679.
591.

1.1.8.O

1.33.0
(.18.0
1.03.0
389.0
375.0
361.0
297.0
21.1.0

197.0

167.0
152.0
11.9.0

155.0
165.0
185.0
208.0
232.0
257.0
282.0

308.0
333.0
359.0

1.81.0
505.0
528.0

551.0
597.0
643.0
688.0
732.0
776.0
820.0
863.0

971.0
1080.0
1180.0
1290.0
1390.0
1500.0
1600.0
17 0.0
1910.0
2120.0

263 0.0
3140.0
366C.0
4170.0
4680.0
5190.0
5700.0
6220.0
7240.0
8260.0

9290.0
10300.0
12400.0
1440G.0
16500.0
18500.0
20600.0
2 2600.0
24600.0
26700.0

ISOCHORE INTERNAL
DERIVATIVE ENERGY

ATM/K J/G

2.29 3.638
3.51 4.353
4.39 5.228
4.93 6.266
5.16 7.502
5.13 8.988
5. 11 9.321

ENTHALPY

J/G

10. 33
10.67
11. 01
11.36
11. 71
12.07
12.44

21.72
24.57
27.46
30.28
32.96
37.59
41.83
45.82
49.64
53.35

840 57 05
.772 60 68
.715 64 25
667 67 76
624 71 23
.5R9 74 67
555 78 07
.526 81 45
50C 84 80
477 88 14

455 91 46
418 98 05
387 104 6

360 111 1

337 117 6
317 124
299 130 4
283 136 8

250 152 8

224 168 7

203 184 5

185 200 3

171 216
158 231 7

148 247 4
138 263 1

123 294 5

110 325 a

0881 403 9
0733 482
0628 560
0550 638
0489 716.
0440 793 9
0400 871 8

0366 949. 8
0314 1106.
0275 1261

0244 1417.
0220 1573.
0183 1885.
0157 2196.
0137 2508.
0122 2820.
0110 3131.
0100 3443.
00916 3755.
00846 4 66.

00785 4378.
00733 4689.

11 31
12 29
13 47
14 90
16 64
17 03
17 44
17 83

18 22
18 62
19 03

19.87
20.31
20.76
23.18
25.94
29.12

32.7?
36.73
40.92
45.13
49.19
56.49
63.36
69.93
76.30
82.52

88. 71

94.77
100.7
106.6
112.4
118.2
123.9
129.5
135.1
140.7

146.3
157.3
168.2
179.1
189.5
200.7
211.4
222.1

275.1
301.5
327.8
354.
380.2
406.4
432.5
484.7
536.8

667.0
797.0
927.0

1057.0
1187.
1317.3

46.0

2355.
2615.0
3134.0
3653.0
4173.0
4692.
5211.3
5730.0
6250.0
6769.0

7288.0

ENTROPY

J/G-K

1.713
2.015
2.327
2.646
2.984
3.342
3.417
3.493
3.566

3.639
3.713
3.787
3.861
3.936
4.011
4.087
4.475

5.796
6.281
6.762
7.218
7.636
8.335
8.934
9.462
9.935
10.36

1C.76
11.13
11.47
11.79
12.09
12.37
12.63
12.69
13.12
13.35

14.36
14.71
15.03
15.34
15.63
15.91

16.53
17.09
17.59
16.05
16.47
18.86
19.22
19.56
20.17
2C.72

25.98
26.43

28.54
29.08
3C.03
30.83
31.52
32.14
32.68
33.18
33.63
34.05

1.494
1.746
1.921
2.059
2.218
2.404
2.441
2.456
2.434

2.438
2.444
2.451
2.459
2.469
2.480
2.492
2.562
2.643
2.729

2.816
2.896
2.962
3.013
3.047
3.066
3.079
3.091
3.102
3.112

3.12C
3.127
3.131
3.134
3.137
3.138
3.139
3.140
3.141
3.141

3.141
3.141
3.140
3.139
3.139
3.138
3.137
3.136

3.134
3.133
3.131
3.130
3.129
3.128
3.127
3.126
3.125
3. 124

3.12?
3.121
3.120
3.120
3.119
3.119
3.119
3.119
3.118
3. 118

3.118
3.118
3.117
3. 117
3.117
3.117
3.117
3.117
3.117
3.117

.117

.117

1.550
1.919
2.278
2.666
3.124
3.650
3.757
3.639
3.889

3.968
4.052
4.141
4.234
4.332
4.434
4.541
5.150
5.881
6.700

7.473
7.982
8.109
7.944
7.655
7.168
6. 823
6.576
6.392
6.248

6.118
6.011
5.920
5.844
5.779
5.724
5.676
5.634
5.597
5.565

5.537
5.488
5.449
5.418
5.391
5.369
5.350
5.334

5.303
5.281
5.265
5.252
5. 243
5.235
5.229
5.224
5.216
5.211

5.203
5.199
5.197
5.196
5.195
5.194
5.194
5.193
5.193
5.193

5.193
5.193
5.193
5.193
5.193
5. 193
5. 193
5.193
5.193
5.193

5.193
5.193

VELOCITY
OF SOUND

308.9
306.9
303.2
298.4
290.5
278.6
276.4
275.0
273.7

271.7
269.6
267.4
265.2
263.0
260.6
258.3
245.9
233.3
221.5

212.0
205.8
203.1
203.2
204.9
209.4
215.9
223.5
231.4
239.5

247.2
254.8
262.1
269.2
276.1
282.8
289.3
295.7
301.9
307.9

313.8
325.2
336.2
346.7
356.9
366.8
376.4
385.7

407.9
428.9
448.8
467.8
486.1
503.7
520.6
537.0
568.3
598.0

666.4
728.3
785.4
839.6
888.6
935.9
981.0

1024.0
1105.0
1181.0

1252.0
1319.0
1444.0
1559.0
1666.0
1767.0
1862.0
1953.

C

2040.0

THO-PHASE eOUNDARY
NUMBERS IN THIS COLUMN MULTIPLIED 3Y THE INDICATED FACTOR



THERMOPHYSICAL PROPERTIES OF HELIUM
11.0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY

2.054 16.27

V[DH/DV>
P

J/G

VIDP/DUI

ATH-CC/J

-V (DP/DV) (OV/OT) /V
T P

ATM 1/OEG.K

THERMAL VISCOSITY
CONDUCTIVITY

MH/CM-K G/CM-S
•• x iocoooo

2.5 16.19 100.0 9.1.1. 147.0 3.3155 0.191 60.3 0.000760 1.06106 0.490
3.D 16.03 71..

1

12.6 136.0 3.0259 0.211 58.5 O.j00685 1.06043 0.533
3.5 15.79 62.9 14.5 121.3 C.j 363 0.226 55.4 0.000628 1.05950 0.558
4.0 15.1.7 56.8 15.5 105.0 0.0 4 70 0.240 52.0 3.000563 1.05826 0.577
4.5 15.06 53.9 15.5 89.0 C.0580 0.253 48.6 0.000537 1.05671 0.601
5.0 14.57 52.3 14.7 73.6 0.0697 0.263 45.5 0.000494 1.05482 0.632
5.1 11.. 1.6 52.1 14.5 70 .8 0.0721 0.264 44.9 0.000487 1. 35440 0.639
5.2 11.. 31. 51.8 14.4 68.5 0.0741 0.266 44.3 0.000483 1.C5396 0.640
5.3 H. 21. 50.8 14.5 65.9 0.0765 0.267 •.3.8 0.000483 1.05355 0.637

5.1. 14. 13 50.2 14.5 63.2 J. 0790 0.269 43.3 0.000479 1.05313 0.6 39
5.5 11.. 01 1.9.5 14.5 60 .6 0.0817 0.270 42.8 0.000476 1.05270 0.642
5.6 13.90 1.9.0 14.4 58.1 0. 844 0.271 42.3 0.000 471 1.05225 0.646
5.7 13.78 1.8.5 14.3 55.6 0.0 8 73 0.272 41.8 0.000467 1.05180 0.650
5.8 13.65 1.8.0 14.2 53.1 0.0903 0.273 41.4 3.000462 1.05134 0.656
5.9 13.53 1.7.5 14.1 50.7 0.0 9 34 0.274 40.9 0.OU3457 1.05086 0.662
6.0 13.1(0 1.7.0 14.0 49 .4 0.0966 0.275 40.5 0.000451 1.05037 0.670
6.5 12.71 1.1.. a 13.3 37.7 0.115 0.276 38.5 0.000422 1.04774 0.718
7.0 11.93 1.2.8 12.6 28.8 0.138 0.275 36.7 0.000392 1.04477 0.786
7.5 11.05 1.1.2 11.8 21.8 0.163 0.272 35.2 0.000367 1.04145 0.867

8.0 10.12 1.0.3 11.0 16.9 0.185 0.267 33.9 0.000353 1.03789 0.948
8.5 9.158 1.0 .i. 10.3 13.9 0.197 0.261 32.9 O.CC0357 1.03429 1.00
9.0 8.281 .1.6 9.78 12.3 0.195 0.256 32.2 0.000381 1.03094 1.02
9.5 7.508 1.3.6 9.34 11 .6 0.182 0.252 31.9 C. 300422 1.02803 1.01

10.0 6.861. 1.6.1 8.99 11 .3 0.166 0.249 31.8 0.000474 1.02561 0.975
11.0 5.895 50.8 8.51 10.9 0.141 0.249 32.0 0.000589 1.02197 0.924
12.0 5.177 56.0 8.21 10 .8 0.122 0.251 32.6 J. 000712 1.01927 0.886
13.0 4.622 61.5 8.01 10 .7 0.107 0.2 56 33.4 0.000842 1.01720 0.857
14.0 4.180 67.2 7.86 10 .7 C.0951 0.262 34.2 0.000979 1.C1555 0.8 36
15.0 3.820 73.0 7.75 10 .8 0.0 8 56 0.268 35.1 0.00112 1.01420 0.819

16.0 3.521 78.9 7.64 10 .8 0.0775 .274 36.0 0.00127 1.01309 0.804
17.0 3.270 84.8 7.55 10 .9 0.3 7 09 0.280 36.9 0.00143 1.01215 0.7 92
18.0 3.055 90.7 7.48 11.0 0.0653 J. 287 37.9 0.00159 1.31135 0.782
19.0 2.869 96.5 7.41 11 .0 0.0606 0.294 38.9 0.00175 1.01065 0.774
20.0 2.706 102.0 7.36 11.1 0.0565 0.3o0 29.8 0.00192 1.01005 0.766
21.0 2.562 108.0 7.31 11.1 0.0530 0.307 40.8 0.00209 1.00951 0.760
22.0 2.1.33 114.0 7.26 11.1 O.0499 0.314 41.7 0.0C227 1.00903 0.755
23.0 2.318 119.0 7.23 11 .2 3.0472 0.320 42.7 0.00246 1.03860 0.751
24.0 2.214 125.0 7.19 11.2 u.0447 0.327 43.6 0.00264 1.03822 C.747
25.0 2.12C 131.0 7.16 11 .2 0.0426 0.333 44.6 0.00283 1.03787 0.744

26.0 2.033 136.0 7.13 11 .2 0.0406 .343 45.5 0.00302 1.00754 0.741
28.0 1.881 H7.0 7.08 11 .2 0.0372 0.353 47.3 0.00342 1.00698 0.7 36
30.0 1.751 159.0 7.04 11.3 0.0344 0.365 49.1 0.00383 1.03653 0.733
32.0 1.639 169.0 7.00 11 .3 0.0320 .378 50.9 0.004 26 1.03608 0.729
31.. 1.51.1 180.0 6.97 11.3 0.0299 0.39o 52.6 0.00470 1.00571 0.727
36.0 1.1.51. 191.0 6.94 11 .3 0.0281 0.403 54.3 0.00516 1.03539 0.7 24
38.0 1.377 202.0 6.92 11 .3 C.0265 0.415 56.0 0.00563 1.00511 0.722
1)0.0 1.308 213.0 6.90 11.3 0.0251 .427 57.7 0.00612 1.03485 0.721

45.0 1.163 21.0.0 6.86 11 .3 0.0221 0.456 61.7 0.00740 1.03431 0.717
50.0 1.01.7 266.0 6.82 11 .3 0.U198 0.485 05.5 0.CJ877 1.C0388 0.713
55.0 0.952c 293.0 6.80 11 .3 0.0180 0.513 69.3 0.C102 1.00353 0.710
50.0 0.871.1 319.0 6.77 11.3 0.0165 J. 541 72.9 0.0118 1.03324 0.7C8
65.0 .8077 31.5.

t

6.76 11.2 0.0152 3.568 76.4 0.0134 1.03299 0.705
70.0 0.7507 371.0 6.74 11 .2 ..OKI 0.595 79.8 0.0151 1.0 j 27

8

0.703
75.0 0.7013 398.0 6.73 11 .2 0.0131 0.621 83.2 0.0169 1.00260 C.7C1
80.3 C.6581 1.21*. 6.72 11 .2 0.0123 0.647 86.5 0.0138 1.03244 0.698
90.0 0.5859 1.76.0 6.70 11.2 0.0110 0.698 92.9 0.0228 1.00217 0.694
100.0 0.5281 5 28.0 6.68 11 .2 C. 987 J. 747 99.1 0.0272 1.01196 0.691

125.0 0.1.2 3 7 658.0 6.66 11 .1 „ . i. 79 3.866 112.0 0.0393 1.00157 0.673
150.0 0.3538 788.0 6.64 11.1 C.0UO63 0.978 126.0 0.0532 1.00131 0.670
175.0 0.3337 918.0 6.63 11 .1 0.3056D 1.09 139.0 0.0687 1.33112 0.667
200.0 0.2661 1050.0 6.62 11 .1 0.00496 1.19 152.

C

0.0859 1.00099 0.666
225.0 0.2368 1180.0 6.62 11.1 0.00441 1.28 165.0 0.104 1.00088 0.666
250.0 0.2132 1310.0 b.61 11 .1 0.00397 1.38 177.0 0.124 1.00079 0.666
275.0 .131.0 1- 1.0.0 6.61 11 .1 u. 36 1 1 .,7 188.0 0.146 1.00072 0.667
300.0 0.1779 1570.0 6.60 11 .1 0.00331 1.55 200.0 0.168 1.00066 0.668
350.0 0.1526 1830.0 6.60 11 .0 ..j 28

4

1.73 222.0 3.218 1.03057 0.668
1.00.0 0.1336 2090.0 6.60 11 .0 0. 00249 1.99 243.0 0.273 1.00C49 0.667

1.50.0 0.1188 2350.0 6.59 11.0 0.00221 2.05 264.0 3.333 1.03044 0.667
5.0.0 0.1370 2610.0 6.59 11.0 0. J0199 2.21 294.0 0.398 1.03040 0.667
600.0 0.08922 3120.0 6.59 11 .0 0.U0166 2.51 322.0 0.542 1.00033 0.667
700.0 0.07650 361.0.3 6.59 11 .0 J. 00143 2.ec 359.0 0.704 1.00028 0.667
800.0 0.05696 1.160.0 6.58 11.0 0.00125 3.07 394.0 0.684 1.03025 0.666
900.0 0.05953 .680.0 6.58 11 .0 0.00111 3.34 429.0 1.08 1.00322 0.666
1000.0 0.05359 5200.0 6.58 11 .0 0.00100 3.60 462.0 1.29 1.00020 0.666
1100.0 0.01.872 5720.0 6.58 11.0 0.0OC9u6 3.85 494.0 1.52 1.30C18 0.666
1200.0 .01.1*67 621.0.0 6.58 11 .0 0.003832 4.10 525.0 1.77 1.00017 0.666
130 0.0 0.01.121. 6760.0 6.58 11 .0 C.0OC769 4.34 556.0 2.03 1.C3015 0.666

1 1.30.0 0.03830 7280.0 6.58 11.0 0.0. .713 4.57 586.0 2.30 1.03014 0.666
1500.0 .03575 7800.0 6.58 11 .0 C. 00366b 4.80 616.0 2.59 1.00013 0.666

-IAVE BEEN MULTIPLIED OY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM It

12.0 ATMOSPHERE IS09AR

rEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
cc/s DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K ** X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

Z.041 0.06107
2.5 0.06133 943.0 2.25 3.650 11.11 1.698 1.468 1.519 314.4
3.0 0.06192 883.0 3.50 4.347 11.88 1.995 1.729 1.891 312.7
3.5 0.06282 804.0 4.41 5.200 12.84 2.302 1.903 2.242 309.7
it.O 0.06407 718.0 4.99 6.212 14.00 2.617 2.042 2.618 305.5
it.S 0.06569 632.0 5.24 7.415 15.40 2.947 2.202 3.059 298.1
5.0 0.06777 547.0 5.24 8.860 17.10 3.297 2.389 3.559 267.2
5.1 0.06825 531.0 5.22 9.183 17.48 3.369 2.425 3.660 285.0
5.2 0.06876 519.0 5.20 9.521 17.88 3.443 2.441 3.737 283.7
5.3 0.0692". 504.0 5. 16 9. 838 18.26 3.514 2.419 3.779 282.5

5. "t 0.06974 489.0 5.12 10.16 18.64 3.585 2.423 3.851 280.6
5.5 0.07026 474.0 5.08 10.48 19.03 3.657 2.428 3.927 278.7
5.6 0.07080 459.0 5.04 10.81 19.42 3.728 2.435 4.007 276.7
5.7 0.07136 445.0 4.99 11.15 19.83 3.800 2.444 4.091 274.7
5.8 0.07194 431.0 4.94 11.49 20.24 3.872 2.453 4.178 272.6
5.9 0.07255 417.0 4.89 11. 84 20.66 3.944 2.464 4.269 270.4
6.0 0.07318 403.0 4.83 12.19 21.09 4.017 2.476 4.364 268.2
6.5 0.07675 338.0 4.53 14. 07 23.40 4.389 2.543 4.896 256.7
7.0 0.08118 281.0 4.17 16.14 26.01 4.777 2.620 5.523 244.8
7.5 0.08672 233.0 3.79 18.42 28.97 5.187 2.702 6.226 233.4

8.0 0.09364 198.0 3.40 20.92 32.31 5.620 2.783 6.935 223.5
8.5 0.1021 176.0 3.02 23.60 36.01 6.072 2.860 7.510 216.2
9.0 0.1119 166.0 2.67 26.37 39.98 6.527 2.928 7.616 211.9
9.5 0.1226 166.0 2.36 29.15 44.06 6.969 2.983 7.838 210.4

10.0 0.1338 173.0 2.11 31.85 48.12 7.387 3.025 7.668 211.1
11.0 0.1557 193.0 1.72 36.68 55.60 8.104 3.058 7.193 214.6
12.0 0.1769 214.0 1.46 40.99 62.50 8.707 3.073 6.865 220.0
13.0 0.1980 236.0 1.27 45. 04 69.12 9.238 3.086 6.626 226.7
lit.

a

0.2139 260.0 1.13 48.91 75.53 9.714 3.098 6.446 234.1
15.0 0.2396 284.0 1.02 52.66 81.80 10.15 3.109 6.304 241.7

16.0 0.2601 310.0 0.929 56.41 88.03 10.55 3.119 6.173 249.3
17.0 0.2802 335.0 0.853 60. 08 94.15 10.92 3.126 6.062 256.6
18.0 0.3000 360.0 0.789 63.68 100.2 11.26 3.131 5.969 263.9
19.0 0.3196 386.0 0.735 67.23 106.1 11.58 3.135 5.690 270.9
20.0 0.3390 410.0 0.688 70.73 111.9 11.89 3.138 5.822 277.7
21.0 0.3581 435.0 0.647 74.19 117.7 12.17 3.140 5.763 284.4
22.0 0.3771 459.0 0.610 77.62 123.5 12.43 3.141 5.712 290.9
23.0 0.3959 483.0 0.578 81. 02 129.2 12.69 3.142 5.668 297.2
24.0 0.4146 507.0 0.549 84.40 134.8 12.93 3.142 5.629 303.3
25.0 0.4332 531.0 0.523 87.75 140-4 13.16 3.143 5.594 309.4

26.0 0.4516 554.0 0.500 91.09 146.0 13.38 3.143 5.564 315.2
28.0 0.4382 600.0 0.459 97.71 157.1 13.79 3.142 5.512 326.6
30.0 0.5245 646.0 0.424 104.3 168.1 14.16 3.142 5.470 337.6
32.0 0.5605 691.0 0.395 110.8 179.0 14.52 3.141 5.436 348.1
31.. 0.5963 736.0 0.369 117.3 189.8 14.85 3.140 5.408 358.3
36.0 0.6318 780.0 0.347 123.8 200.6 15.15 3.140 5.384 368.1
38.0 0.66 7 3 824.0 0.327 130.2 211.3 15.44 3.139 5.364 377.6
40.0 0.7025 867.0 0.309 136.6 222.1 15.72 3.138 5.346 386.9

1.5.0 0.7903 975.0 0.273 152.6 248.7 16.35 3.136 5.313 409.1
50.0 0.8775 1080.0 0.244 168.5 275.2 16.91 3.134 5.289 430.1
55.0 0.9643 1190.0 0.221 164.3 301.6 17.41 3.132 5.271 450.0
60.0 1.051 1290.0 0.202 200.1 327.9 17.87 3.131 5.257 468.9
65.0 1.137 1400.0 0.186 215.9 354.2 18.29 3.130 5.247 487.2
70.0 1.223 1500.0 0.173 231.6 380.4 18.68 3.129 5.239 504.7
75.0 1.309 1610.0 0.161 247.4 406.6 19.04 3.128 5.232 521.6
80.0 1.395 1710.0 0. 151 263.1 432.7 19.37 3.127 5.227 538.0
90.0 1.56 7 1920.0 0.134 294.4 46 4.9 19.99 3.126 5.218 569.3
100.0 1.738 2120.0 0.120 325.7 537.1 20.54 3.125 5.213 596.9

125.0 2.166 2640.0 0. 0961 403.9 667.3 21.70 3.123 5.204 667.2
15 0.0 2.593 3150.0 0.0800 482. 797.3 22.65 3.122 5.200 729.0
175.0 3.021 3660.0 0.0686 560. 927.3 23.45 3.121 5.197 786.0
200.0 3.447 4170.0 0. 0600 638.0 105 7.0 24.14 3.120 5.196 839.2
225.0 3.874 4690.0 0.0533 716.0 1187. 24.76 3.120 5.195 889.1
25 0.0 4.301 5200.0 0.0480 793.9 1317.0 25.30 3.119 5.194 936.4
275.0 4.728 5710.0 0.0436 871.9 1447.0 25.80 3.119 5.194 981.5
300.0 5.155 6220.0 0.0400 949.8 1577.0 26.25 3.119 5.193 1025.0
35 0.0 6.009 7250.0 0. 0343 1106.0 1836.0 27.05 3.118 5.193 1106.0
1.00.0 6.862 8270.0 0.0300 1262.0 2096.0 27.74 3.118 5.193 1161.0

450.0 7.716 9290.0 0.0267 1417.0 2356.0 28.36 3.118 5.193 1252.0
500. 8.570 10300.0 0.0240 1573.0 2615.0 28.90 3.118 5.193 1319.0
600.0 10.28 12400.0 0. 0200 1865. 3134.0 29.85 3.118 5.193 1444.0
700.0 11.98 14400.0 0.0171 2196.0 3654.0 30.65 3.117 5.193 1560.0
800.0 13.69 16500.0 0.0150 2508.0 4173.0 31.34 3.117 5.193 1667.0
900.0 15.40 185CO.0 0.0133 2820. 4692.0 31.96 3.117 5.193 1767.0
1000.0 17.11 20600.0 0.0120 3131.0 5211.0 32.50 3.117 5.193 1663.0
1100.0 18.82 22600.0 0. 0109 3443.0 5731. 33.00 3.117 5.193 1953.0
1200.0 20.52 24700.0 0. 0100 3755. 6250.0 33.45 3.117 5.193 2040.0
1300.0 22.23 26700.0 0.00923 4066.0 6769.0 33.86 3.117 5.193 2123.0

lltOO.O 23.94 28800.0 0.00857 4378.0 7288.0 34.25 3.117 5.193 2203.0
1500.0 25.65 30800.0 0.00800 4689. 7808.0 34.61 3.117 5.193 2280.0

TWO-PHASE POUNOARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE INOICATED FACTOR
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12.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM 1

TEMPERATURE DENSITY VCDH/OV) V10P/DU) -VIDP/DVI (DV/DT1/V THERMAL VISCOSITY THERMAL
P v T p CONDUCTIVITY DIFFUSIVITY

OEG.K G/CC J/E ATM-CC/J ATM 1/DEG.K HH/CM-K G/CM-S SQ-CM/S
•• X 100 *• X 1OCUOC0

2.0.1 16.38
2.5 16.31 101.0 9.12 151.0 . 1 17 0.193 62.1 0.000778 1.36118 0.192
3.0 16.15 76.9 12.6 113.0 0.0216 0.213 60.1 0.000697 1.06089 0.536
3.5 15.92 65.0 11.6 128.0 0.0315 0.228 57.1 0.000610 1.06000 0.560
4.0 15.61 58.9 15.6 112.0 0.0115 0.213 53.6 0.000595 1.05681 0.577
1.5 15.22 56.1 15.6 96.1 0.0515 0.256 50.1 0.000550 1.05733 0.598
5.0 11.75 51.7 11.9 80.6 0.0650 0.267 16.9 0.000508 1.05551 0.625
5.1 Ik. 65 51.6 11.7 77.8 0.0671 0.269 16.3 0.000501 1.05511 0.631
5.2 11.51 51.3 11.6 75.5 0.0688 0.270 15.7 0.000197 1.05173 0.632
5.3 14.11 53.3 11.8 72.8 0.0709 0.272 15.1 0.000198 1.05131 0.628

5.1. 11.3k 52.7 11.7 70.1 0.0731 0.273 11.6 0.000195 1.05395 0.629
5.5 ll. 23 52.1 11.7 67.5 0.0753 0.275 11.1 0.000192 1.C5351 0.631
5.6 11.12 51.6 11.6 61.9 0.0776 0.276 13.6 0.000188 1.05313 0.633
5.7 11.01 51.1 11.6 62.1 0.0801 0.277 13.2 0.000181 1.05270 0.637
5.8 13.90 50.6 11.5 59.9 0.0826 0.279 12.7 0.000180 1.05227 0.611
5.9 13.78 50.1 11.1 57.1 1.0851 0.260 12.3 0.000175 1.05183 0.616
6.0 13.66 19.7 11.3 55.0 0.0 6 76 0.260 11.8 0.00017 1.05137 0.651
6.5 13.03 17.6 13.7 il .0 0.103 0.283 39.8 0.000111 1.01891 0.689
7.0 12.32 15.7 12.9 31.6 0.121 0.283 38.1 0.000116 1.01621 0.711
7.5 11.53 11.2 12.2 26.9 0.111 0.281 36.5 0.000391 1.01325 0.611

6.0 10.68 13.1 11.1 21.1 0.161 0.277 35.2 0.000371 1.01001 0.882
8.5 9.797 12.8 10.8 17.2 0.175 0.272 31.2 0.000 370 1.03667 0.911
9.0 8.939 13.5 10.2 11.8 0.180 0.267 33.1 0.000382 1.03313 0.980
9.5 8.156 15.0 9.71 13.6 0.171 0.262 33.0 0.000110 1.03017 0.965

10.0 7.171 17.2 9.32 13.0 0.163 0.2 59 32.7 0.000152 1.32790 0.969
11.0 6.125 51.9 8.75 12.1 0.139 0.257 32.8 0.000556 1.32396 0.920
12.0 5.651 56.8 8.10 12.1 C.121 0.258 33.3 0.000666 1.02105 0.886
13.0 5.019 62.1 8.16 11.9 0.107 0.262 31.0 0.000781 1.01883 0.8 59
14.1 1.568 67.6 7.99 11.9 0.0953 0.267 31.8 0.000908 1.01700 0.839
15.0 1.173 73.3 7.86 11.9 0.0860 0.2 73 35.6 j. 101 1.01552 0.823

16.0 3.815 79.2 7.75 11.9 0.0780 0.279 36.5 0.00117 1.01130 0.809
17.0 3.569 85.0 7.65 12.0 0.0713 0.285 37.1 C.00132 1.01327 0.797
18.0 3.333 90.9 7.56 12.0 0.0657 0.291 38.3 0.0 0116 1.01238 0.766
19.0 3.129 96.7 7.19 12.1 0.0609 0.297 39.3 0.00161 1.01162 0.778
20.0 2.950 102.0 7.13 12.1 0.0568 0.301 10.2 C. 00177 1.01096 0.770
21.0 2.792 108. 7.38 12.1 0.0 5 32 0.310 11.2 0.00193 1.31C37 0.761
22.0 2.652 111.0 7.33 12.2 0.0501 0.317 12.1 0.00209 1.03985 0.759
23.0 2.526 120.0 7.28 12.2 0.C171 0.323 13.0 0.0C226 1.00938 0.751
21.0 2.112 125.0 7.25 12.2 0.0119 0.330 11.0 0.00213 1.0 0895 0.750
25.0 2.308 131.0 7.21 12.3 0.0127 0.336 11.9 0.00260 1.00857 0.717

26.0 2.211 137.0 7.18 12.3 0.0107 0.313 15.8 0.OC278 1.30822 0.711
28.0 2.018 118.0 7.13 12.3 0.3373 0.355 17.6 0.00315 1.C0760 0.738
30.0 1.907 159.0 7.06 12.3 0.0 311 0.368 19.1 0.00353 1.00707 0.7 31

32.0 1.761 170.0 7.01 12.3 0.0320 0.380 51.1 0.00392 1.00662 0.731
H.O 1.677 181.0 7.01 12.3 0.0299 0.393 52.9 0.00133 1.00622 0.726
36.0 1.563 192.0 6.98 12.3 0.0281 0.105 51.6 0.00175 1.00587 0.726
38.0 1.199 203.0 6.95 12.3 0.0265 0.117 56.2 0.00519 1.0u556 0.721
l>0.0 1.123 213.0 6.93 12.3 0.0251 0.129 57.9 C. 00563 1.03528 0.7 22

15.0 1.265 210. D 6.88 12.3 0.0221 0.158 61.9 0.00661 1.00169 0.717
50.0 1.110 267.0 6.81 12.3 . 1 98 0.187 65.7 0.0C8C8 1.00122 0.711
55.0 1.037 293.0 6.82 12.3 0.0180 0.515 69.1 0.0C912 1.03381 0.711
60.0 0.9516 320.0 6.79 12.3 0.0161 0.512 73.1 0.0106 1.00353 0.708
65.0 0.6791 316.0 6.77 12.3 C.0152 0.570 76.6 0.0123 1.00326 0.705
70.0 0.8171 372.0 6.75 12.3 0.0111 0.596 80.0 0.0139 1.03303 0.703
75.0 0.7637 398.0 6.71 12.3 u.0131 0.622 83.1 0.0156 1.00283 0.7C1
80.0 0.7167 125.0 6.73 12.2 0.0123 0.618 86.6 0.0173 1.00266 0.693
90.0 0.6382 177.0 6.71 12.2 0.0109 0.699 93.0 0.0210 1.00236 0.691
100.0 0.5753 529.0 6.69 12.2 0.00985 0.718 99.2 C.025C 1.00213 0.691

125.0 0.1617 659.0 6.67 12.2 C. 00769 .867 112.0 0.0 361 1.30171 0.673
150.0 0.3856 769.0 6.65 12.1 0.00659 0.979 126.0 0.0188 1.00113 0.670
175.0 0.3311 919.0 6.61 12.1 0.00566 1.09 139.0 0.0631 1.3 0123 0.667
200.0 0.2901 1050.0 6.63 12.1 0.00195 1.19 152.0 0.0786 1.00107 0.666
225.0 0.2561 1180.0 6.62 12.1 0.00111 1.29 165.0 C.0958 1.00096 0.665
250.0 0.2325 1310.0 6.61 12.1 0.00397 1.38 177.0 0.111 1.03086 0.666
275.0 0.2115 1110.0 6.61 12.1 . G 36 1 1.17 188.0 0.131 1.00C78 0.666
300.0 0.1340 1570.0 6.61 12.1 0.00331 1.55 200.0 0.151 1.0o072 0.668
350.0 0.1661 1830.0 6.60 12.1 0.00261 1.73 222.0 0.200 1.0 3062 0.668
1.00.0 0.1157 2090.0 6.60 12.1 0.00219 1.89 213.0 0.250 1.OO051 0.667

150.0 0.1296 2350.0 6.60 12.0 C . 22

1

2.05 261.0 0.305 1.00018 0.667
500.0 0.1167 2610.0 6.59 12.0 0.00199 2.21 281.0 0.365 1.03013 0.667
600.0 0.09730 3130.0 6.59 12.0 0.00166 2.51 322.0 0.197 1.33036 0.667
700.0 0.08311 3610.0 6.59 12.0 0.00112 2. 80 359.0 C.616 1.O0O31 0.667
600.0 0.07303 1160.0 6.59 12.0 0.00125 3.07 391.0 0.811 1 . ; 2 7 0.666
900.0 0.06191 1680.0 6.58 12.0 0.00111 3.31 12 9.0 0.991 1.30021 0.666
1000.0 0.05815 5200.0 6.58 12.0 0.0 10 3.60 162.0 1.19 1. 30322 0.666
1100.0 0.05315 5720.0 6.58 12.0 0.000908 3.85 191.0 1.10 1.03020 0.666
1200.0 0.01873 6210.0 6.58 12.0 0.0CO832 1.10 525.0 1.62 1.30018 0.666
1300.0 0.01198 6760.0 6.58 12.0 0.000768 1.31 556.0 1.86 1 .30017 0.666

1400.0 0.01177 7280.0 6.58 12.0 0.000713 1.57 586.0 2.11 1.00015 0.666
1500.0 0.03699 7800.0 6.58 12.0 0. J00666 1.60 616.0 2.37 1.30311 C.666

HAVE BEEN MULTIPLIED BY THE II DICATEO FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

13.0 ATMOSPHERE IS09AR

TEHPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

• 2.026 0.06068
2.5 0.06093 977.0 2.23 3.666 11.69 1.685 1.442 1.490 319.7
3.0 0.06149 919.0 3.50 4.346 12.44 1.976 1.712 1.865 318.4
3.5 0.06234 841.0 4.43 5.179 13.39 2.279 1.886 2.208 315.8
4.0 0.06351 757.0 5.04 6. 166 14.53 2.588 2.025 2.574 312.2
"..5 0. 06504 671.0 5.32 7.340 15.91 2.912 2.187 3.001 305.4
5.0 0.06698 587.0 5.34 6.747 17.57 3.254 2.375 3.480 295.1
5.1 0.06743 571.0 5.32 9. 062 17.94 3.325 2.411 3.576 293.0
5.2 0.06789 559.0 5.30 9.391 18.33 3.396 2.427 3.648 291.9
5.3 0.06834 545.0 5.27 9.699 18.70 3.466 2.405 3.686 290.8

5.4 0.06860 529.0 5.24 10.01 19.07 3.536 2.409 3.752 289.1
5.5 0.06928 515.0 5.20 10.33 19.45 3.605 2.414 3.822 287.3
5.6 0.06977 500.0 5.16 10.65 19.84 3.675 2.421 3.895 285.4
5.7 0.07028 485.0 5.12 10.97 20.23 3.745 2.430 3.971 283.5
5.3 0.07081 471.0 5. OS 11.30 20.63 3.814 2.439 4.050 281.5
5.9 0.07136 457.0 5.03 11.64 21.04 3.884 2.450 4.133 279.5
6.0 0.07193 443.0 4.98 11.98 21.45 3.955 2.461 4.219 277.4
6.5 0.07514 378.0 4.69 13.78 23.68 4.312 2.527 4.694 266.6
7.0 0.07903 319.0 4.36 15.75 26.16 4.683 2.602 5.244 255.3
7.5 0.08379 269.0 4.01 17.91 28.95 5.070 2.680 5.859 244.3

e.o 0.08964 230.0 3.64 20.26 32.07 5.475 2.758 6.498 234.4-
8.5 0.09671 203.0 3.27 22.79 35.53 5.897 2.832 7.073 226.4
9.0 0.1050 187.0 2.92 25.44 39.27 6.327 2.899 7.476 221.0
9.5 0.1143 182.0 2.60 28.14 43.19 6.752 2.956 7.645 218.2

10.0 0.1242 164.0 2.33 30. 81 47.17 7.161 3.002 7.607 217.6
11.0 0.1443 203.0 1.90 35.83 54.83 7.896 3.051 7.195 220.1
12.0 0.1636 221.0 1.61 40.19 61.74 8.500 3.068 6.887 224.4
13.0 0.1829 242.0 1.40 44.29 68.38 9.033 3.081 6.659 230.2
14.0 0.2021 264.0 1.24 48.21 74.82 9.512 3.0 94 6.486 237.0
15.0 0.2211 288.0 1.12 52.00 81.12 9.946 3.106 6.348 244.2

16.0 0.2400 313.0 1.02 55.79 87.40 10.35 3.117 6.219 251.5
17.0 0.2586 338.0 0.935 59.49 93.56 10.73 3.125 6.108 258.7
18.0 0.2770 363.0 0.864 63.13 99.6 11.07 3.131 6.013 265.7
19-0 0.2952 368.0 0.804 66.71 105.6 11.39 3.135 5.931 272.7
20.0 0.3132 413.0 0.752 70.24 111.5 11.70 3.136 5.861 279.4
21.0 0.3310 437.0 0.706 73.72 117.3 11.98 3.141 5.800 286.0
22.0 0.3486 462.0 0.666 77.18 123.1 12.25 3.142 5.746 292.4
23.0 0.3660 486.0 0.631 80.60 128.8 12.50 3.143 5.700 298.7
24.0 0.3834 510.0 0.599 83.99 134.5 12.75 3.144 5.659 304.9
25.0 0.4006 533. -0 0.570 87.37 140.1 12.98 3.144 5.622 310.8

26.0 0.4177 557.0 0.544 90.72 145.7 13.20 3.144 5.590 316.7
28.0 0.4516 603.0 0.499 97.37 156.9 13.61 3.144 5.535 328.0
30.0 0.4852 649.0 0.461 104. 167.9 13.99 3.144 5.491 336.9
32.0 0.5185 695.0 0.429 110.5 178.8 14.34 3.143 5.454 349.4
34.0 0.5517 739.0 0.401 117.0 189.7 14.67 3.142 5.424 359.6
36.0 0.5846 784.0 0.377 123.5 200.5 14.98 3.141 5.398 369.4
38.0 0.6174 828.0 0.355 130.0 211.3 15.27 3.140 5.377 37 8.9
40.0 0.6500 872.0 0.336 136.4 222.0 15.55 3.139 5.358 388.2

45.0 0.7312 980.0 0.296 152.4 248.7 16.16 3.137 5.322 410.3
50.0 0.8118 1090.0 0.265 168. 3 275.3 16.74 3.135 5.296 431.2
55.0 0.89 2 1190.0 0.240 184.2 301.7 17.24 3.134 5.277 451.1
6C.0 0.97 2 1300.0 0.219 200.0 32 8.1 17.70 3.132 5.263 470.0
65.0 1.052 1400.0 0.202 215.8 354.3 18.12 3.131 5.251 488.2
70. 1.131 1510.0 0.187 2 31.5 380.6 18.51 3.130 5.242 505.7
75.0 1.211 1610.0 0.175 247.3 406.8 18.87 3.129 5.235 522.6
80.0 1.29 1710.0 0.163 263.0 432.9 19.21 3.128 5.229 538.9
90.0 1.449 1920.0 0. 145 294.4 485.2 19.82 3.127 5.220 570.2

100.0 1.607 2130.0 0.130 325.7 537.3 20.37 3.125 5.214 599.8

125.0 2.002 2640.0 0.104 403.9 667.6 21.53 3.123 5.205 667.9
15 0.0 2.39 6 3160.0 0. 0867 482. 797.6 22.46 3.122 5.200 729.7
17 5.0 2.791 3670.0 0. 0743 560. 927.6 23.28 3.121 5.198 786.7
200.0 3.185 4180.0 0.0650 638. 1058.0 23.98 3.120 5.196 839.8
225.0 3.579 4690.0 0.0577 716.0 1187.0 24.59 3.120 5.195 889.7
250.0 3.973 5200.0 0.0520 794.0 1317.0 25.14 3.120 5.194 936.9
27 5.0 4.367 5720.0 0. 0472 871.9 1447.0 25.6 3 3.119 5.194 981.9
300.0 4.761 6230.0 0.0433 949.8 1577.0 26.06 3.119 5.193 1025.0
350.0 5.549 7250.0 0.0371 1106. 1837.0 26.88 3.119 5.193 1106.0
400.0 6.337 827C.0 0.0325 1262.0 2C96.0 27.56 3.118 5.193 1182.0

45 0.0 7.125 9300.0 0. 0289 1417.0 2356.0 28.19 3.116 5.193 1253.0
500.0 7.913 10300.0 0. 0260 1573.0 2616.0 28.74 3.118 5.193 1320.0
600.0 9.48 9 12400.0 0.0217 1885.0 3135.0 29.68 3.118 5.193 1445.0
700.0 11.06 14400.0 0. 0186 2197.0 3654.0 30.48 3.118 5.193 1560.0
800.0 12.64 16500.0 0.0162 2508. 4173.0 31.18 3.117 5.193 1667.0
900.0 14.22 18500.0 0. 0144 2820. 4693.0 31.79 3.117 5.193 1768.0

1000.0 15.79 20600.0 0.0130 3131.0 5212.0 32.34 3.117 5.193 1863.0
1100.0 17.37 2 2600.0 0.0118 3443.0 5731.0 32.83 3.117 5.193 1953.0
1200.0 18.95 24700.0 0.0108 3755.0 6250.0 33.28 3.117 5.193 2040.0
1300.0 20.52 26700.0 0. 0100 4 66. 6770.0 33.70 3.117 5.193 2123.0

140 0.0 22.10 28800.0 0. 00928 4378.0 7289.0 34.0 8 3.117 5.193 2203.0
1500.0 23.67 30800.0 0. 00866 4690. 7808.0 34.44 3.117 5.193 2280.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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13.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM 1>

TEMPERATURE OENSITY

DEG.K G/CC

VCOH/DW) VIDP/OUI -VCOP/OV) (OV/OTj/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
v P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

J/G ATM-CC/J ATM. 1/DEG.K MN/CH-K G/CM-S SQ-CM/S
•• X 1000000

2.5 16.H 107. 9.41 160.0 0.0139 0.194 64.5 0.000795 1.06189 . 494
3.0 16.25 79.7 12.6 149.0 0.0234 0.215 62.3 0.000709 1.06132 0.540
3.5 16.01. 67.2 14.7 135.0 G.0329 0.231 58.8 0.000652 1.06047 0.563
4.0 15. 74 60.9 15.8 119.0 0.0423 0.246 55.1 0.000607 1.05933 0.577
4.5 15.37 58. 2 15.8 103. 0.0516 0.260 51.6 0.000563 1.05791 0.596
5.0 14.93 57.1 15.1 87.6 0.0610 0.271 46.3 0.000521 1.05621 0.620
5.1 14.83 55.9 14.9 84.8 0.0628 0.273 47.6 0.000514 1.05583 0.625
5.2 14.73 56.7 14.8 82.4 0.0 644 0.271. 47.0 0.000510 1.05544 0.625
5.3 14.63 55.7 15.0 79.7 0.0662 0.276 46.5 0.000512 1.05507 0.621

5.l> 14.51. 55.1 15.0 77.0 0.0681 0.278 46.0 0.000509 1.05470 0.621
5.5 14.44 54.6 14.9 74.3 0.0700 0.279 45.5 0.000507 1.05432 0.622
5.6 14.33 54.0 14.9 71.7 0.0721 0.281 45.0 0.000503 1.05392 0.623
5.7 14.23 53.6 14.8 69.1 0.0741 0.262 44.5 0.000500 1.05353 0.626
5.S 14.12 53.1 14.7 66.5 0.0763 0.284 44.0 0.000496 1.05312 0.629
5.9 14.01 52.7 14.6 64.1 . 7 85 0.285 43.6 0.000492 1.05270 0.633
6.0 13.90 52.2 14.5 61.6 0.0 8 08 0.286 43.1 0.000487 1.05228 0.637
6.5 13.31 50.3 13.9 50.3 0.0933 0.2 89 41.1 0.000463 1.05002 0.667
7.0 12.65 48.5 13.3 40.4 0.108 0.290 39.3 0.000437 1.04752 0.711
7.5 11.93 47.0 12.5 32.2 0.125 0.289 37.8 0.000413 1.04478 0.768

8.0 11.15 45.9 11.8 25.7 0.142 0.266 36.5 0.000394 1.04182 0.830
8.5 10. 34 45.1. 11.2 20.9 0.156 0.282 35.4 0.000385 1.03873 0.890
9.0 9.524 45.6 10.6 17.8 0.164 0.277 34.6 0.000389 1.03564 0.934
9.5 8.751 46.7 10.1 15.9 0.164 0.272 34.0 0.000407 1.03271 0.955

10.0 8.053 48.5 9.65 14.9 0.157 0.269 33.7 0.000436 1.03008 0.955
11.0 6.930 53.1 9.00 14.1 0.135 0.265 33.6 0.000531 1.02586 0.914
12.0 6.111 57.8 8.60 13.5 0.119 0.265 34.0 0.000631 1.02278 0.883
13.0 5.468 62.9 8.32 13.2 0.106 0.269 34.6 0.000738 1.02037 0.859
1 1.0 4.949 68.2 8.13 13.1 0.0951 0.273 35.4 0.000850 1.01842 0.840
15.0 4.523 73.8 7.96 13.0 0.0861 0.278 36.2 . 96 8 1.01683 0.826

16.0 4.157 79.5 7.85 13.0 0.0782 0.283 37.0 0.00109 1.01550 0.812
17.0 3.866 85.3 7.74 13.1 0.0716 0.289 37.9 0.00122 1.01437 0.800
18.0 3.610 91.1 7.65 13.1 0.0660 0.295 38.8 0.00136 1.01342 0.790
19.0 3.387 96.9 7.57 13.1 0.0612 0.301 39.7 0.00150 1.01259 0.781
20.0 3.193 103.0 7.50 13.2 0.0571 0.308 40.6 0.00164 1.01186 0.774
21.0 3.022 108.0 7.44 13.2 0.0 5 35 0.314 41.5 0.00179 1.01122 0.767
22.0 2.869 114.0 7.39 13.2 0.0503 0.320 42.4 0.00194 1.01065 0.762
23.0 2.732 120.0 7.34 13.3 0.0475 0.327 43.4 0.00210 1.01014 0.757
24.0 2.606 126.0 7.30 13.3 0.0450 0.333 44.3 0.00226 1.00968 0.753
25.0 2.496 131.0 7.26 13.3 0.0428 0.3 39 45.2 0.00242 1.00927 0.749

26.0 2.394 137.0 7.23 13.3 0.0408 0.346 46.1 0.00258 1.00889 0.746
28.0 2.214 148.0 7.17 13.4 0.0374 0.358 47.9 0.00292 1.00622 0.740
30.0 2.051 159.0 7.12 13.4 0.0345 0.370 49.7 0.0 03 27 1.00765 0.736
32.0 1.928 170.0 7.08 13.4 0.0320 0.383 51.4 0.00364 1.00715 0.732
3<>.0 1.813 181.0 7.04 13.4 0.0299 0.395 53.1 0.00402 1.00672 0.729
36.0 1.711 192.0 7.01 13.4 0.0281 0.4C7 54.8 0.00441 1.00634 0.727
38.0 1.620 203.0 6.98 13.4 0.0265 0.419 56.5 0.00481 1.00601 0.725
".0.0 1.538 214.0 6.96 13.4 0.0251 0.431 58.1 0.00523 1.00570 0.722

1.5.0 1.368 241.0 6.91 13.4 0.0221 0.460 62.1 0.00632 1.00507 0.718
5 0.0 1.232 267.0 6.87 13.4 0.0198 0.489 65.9 0.00749 1.00457 0.714
55.0 1.121 294.0 6.83 13.4 0.0180 0.517 69.6 0.00873 1.00416 0.711
60.0 1.029 320.0 6.81 13.4 0.0164 0.544 73.2 0.0100 1.00381 0.708
65.0 0.9508 347.0 6.79 13.3 0.0151 0.571 76.7 0.0114 1.00352 0.706
70.0 0.8839 373.0 6.77 13.3 0.0141 0.598 80.2 0.0129 1.00328 0.703
75.0 0.8259 399.0 6.75 13.3 0.0131 0.624 83.5 0.0144 1.00306 0.701
80.0 0.7751 425.0 6.74 13.3 0.0123 0.650 86.8 0.0160 1.00287 0.699
90.0 0.6903 478.0 6.72 13.3 0.0109 0.700 93.2 0.0194 1.00256 0.695
100.0 0.6223 530.0 6.70 13.2 0.00984 0.749 99.3 0.0231 1.00231 0.691

125.0 0.4996 660.0 6.67 13.2 0.00789 0.868 112.0 0.0334 1.00185 0.673
150.0 0.4173 790.0 6.65 13.2 0.0 065 8 0.980 126.0 0.0452 1.00155 0.670
175.0 0.3584 920.0 6.64 13.1 0.00565 1.09 140.0 0.0583 1.00133 0.667
200.0 0.3140 1050.0 6.63 13.1 0.00495 1.19 152.0 0.0728 1.00116 0.666
225.0 0.2794 1180.0 6.62 13.1 0.00440 1.29 165.0 0.0886 1.00103 0.665
250.0 0.2517 1310.0 6.62 13.1 0.00397 1.38 177.0 0.105 1.00093 0.666
275.0 0.2290 1440.0 6.61 13.1 0.00361 1.47 188.0 0.123 1.00085 0.666
300.0 0.2101 1570.0 6.61 13.1 0.00331 1.55 200.0 0.142 1.00078 0.668
350.0 0.1802 1830.0 6.60 13.1 0.00284 1.73 222.0 0.184 1.00067 0.667
1.00.0 0.1578 2090.0 6.60 13.1 0.00249 1.89 243.0 0.231 1.00058 0.667

1.50.0 0.1404 2350.0 6.60 13.1 0.00221 2.05 264.0 0.282 1.00052 0.667
500.

D

0.1264 2610.0 6.59 13.0 0.00199 2.21 284.0 0.337 1.00047 0.667
600.0 0.1054 3130.0 6.59 13.0 0.00166 2.51 322.0 0.459 1.00039 0.667
700.0 0.09038 3650.0 6.59 13.0 0.00142 2.80 359.0 0.596 1.00033 0.666
800.0 0.07911 4160.0 6.59 13.0 0.00125 3.07 394.0 0.748 1.00029 0.666
900.0 0.07034 4680.0 6.58 13.0 0.00111 3.34 429.0 0.915 1.00026 0.666
1000.0 0.06332 5200.0 6.58 13.0 0.00100 3.60 462.0 1.09 1.00023 0.666
1100.0 0.05757 5720.0 6.58 13.0 0.000908 3.85 494.0 1.29 1.00021 0.666
1200.0 0.05278 6240.0 6.58 13.0 0.000832 4.10 525.0 1.49 1.00020 0.666
1300.0 0.04673 6750.0 6.58 13.0 0.000768 4.34 556.0 1.71 1.00018 0.666

11.0 0.0 0.04525 7280.0 6.58 13.0 0.000713 4.57 586.0 1.95 1.00017 0.666
1500.0 0.01.224 7800. 6.58 13.0 0.000666 4.80 616.0 2.19 1.00016 0.666

HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K •« X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K H/S

• 2.014 0.06030
2.5 0.06055 1010.0 2.20 3.686 12.28 1.672 1.418 1.462 324.7
3.0 0.06108 951.0 3.49 1.318 13.01 1.959 1.695 1.639 323.6
3.5 0.06188 877.0 1.46 5.162 13.94 2.256 1.869 2.176 321.7
"..0 0.06300 795.0 5.09 6.127 15.06 2.561 2.0 09 2.533 316.6
4.5 0. 061.1.1. 709.0 5.39 7.271 16.42 2.879 2.172 2.948 312.3
5.0 0.06626 626.0 5.43 8.648 18.05 3.214 2.361 3.410 302.6
5.1 0.06667 611.0 5.42 8.956 18.41 3.284 2.398 3.502 300.6
5.2 0.06711 599.0 5.40 9.277 18.80 3.354 2.414 3.571 299.5
5.3 0.06752 581.0 5.38 9.577 19.15 3.422 2.392 3.604 298.6

5.". 0.06795 569.0 5.35 9.879 19.52 3.490 2.396 3.666 297.0
5.5 0.06939 551.0 5.32 10.19 19.89 3.558 2.401 3.730 295.3
5.b 0.06881. 539.0 5.26 10.50 20.26 3.626 2.409 3.798 293.6
5.7 0.06932 525.0 5.24 10.81 20.65 3.694 2.417 3.666 291.6
5.8 0.06980 511.0 5.20 11.13 21.04 3.762 2.426 3.942 289.9
5.9 0.07031 197.0 5.15 11.16 21.13 3.830 2.437 4.018 218.0
6.0 0.07083 163.0 5.11 11.79 21.81 3.898 2.448 4.396 266.1
6.5 0.07371. 117.0 4.84 13.53 23.99 4.244 2.514 4.528 275.8
7.0 0.07721 357.0 4.54 15.12 26.37 4.600 2.587 5.021 265.1
7.5 0.0811.0 306.0 4.20 17.18 29.02 4.968 2.662 5.568 254.5

6.0 0.0861.5 263.0 3.85 19.71 31.98 5.352 2.737 6.143 244.7
8.5 0.09250 231.0 3.49 22.11 35.23 5.749 2.808 6.692 236.4
9.0 0.0996 211.0 3.15 21.65 38.77 6.156 2.874 7.135 230.1
9.5 0.1076 200.0 2.83 27.25 12.52 6.563 2.932 7.402 226.2

10.0 0.1161. 198.0 2.55 29.88 46.38 6.961 2.980 7.480 224.5
11.0 0.131.7 211.0 2.09 31.92 54.03 7.695 3.0 38 7.207 225.4
12.0 0.1526 230.0 1.76 39.13 61.08 8.311 3.062 6.893 229.0
13.0 0. 1702 219.0 1.53 43.57 67.72 6.645 3.077 6.678 234.0
14.0 0.1878 270.0 1.36 17.53 74.17 9.324 3.090 6.514 240.1
15.0 0.2051. 292.0 1.22 51.35 80.49 9.761 3.103 6.383 246.8

16.0 0.2230 317.0 1.11 55.18 86.81 10.17 3.115 6.257 253.8
17.0 0.2403 311.0 1.02 58.92 93.01 10.54 3.124 6.147 260.8
18.0 0.2575 366.0 0.940 62.59 99.11 10.89 3.131 6.052 267.7
19.0 0.271.1. 391.0 0.874 66. 19 105.1 11.22 3.135 5.969 274.5
20.0 0.2912 115.0 0. 817 69.75 111.1 11.52 3.139 5.697 281.2
21.0 0.3077 110.0 0.767 73.26 116.9 11.81 3.141 5.634 287.7
22.0 0.321.2 161.0 0.723 76.71 122.7 12.08 3.143 5.778 294.1
23.0 0.31.05 189.0 0.684 80.18 128.5 12.33 3.141 5.730 300.3
24.0 0.3566 513.0 0-649 83.60 134.2 12.58 3.115 5.687 306.4
25.0 0.3727 536.0 0.618 86.99 139.8 12.81 3.116 5.649 312.4

26.0 0.3886 560.0 0.589 90. 36 145.5 13.03 3.116 5.615 318.2
28.0 0.1.202 607.0 0.510 97.04 156.7 13.44 3.116 5.557 329.5
30.0 0.1.515 653.0 0.199 103.7 167.7 13.83 3.145 5.510 340.3
32.0 0.1.826 698.0 0.164 110.2 178.7 14.16 3.145 5.472 350.6
31). 0.5135 713.0 0.433 116.8 189.6 14.51 3.144 5.440 360.9
36.0 0.51. 11 788.0 0.107 123.3 200.5 14.82 3-143 5.413 370.7
38.0 0.571.6 832.0 0.383 129.7 211.3 15.11 3.142 5.390 380.2
1.0.0 0.6050 876.0 0.363 136.2 222.0 15.39 3.141 5.370 389.5

1.5.0 0.6805 981.0 0.320 152.2 248.8 16.0 2 3.139 5.331 411.6
50.0 0.7555 1090.0 0.286 168. 2 275.4 16.58 3.137 5.304 432.4
55.0 0.8301 1200.0 0.259 181.1 301.8 17.08 3.135 5.283 452.2
60.0 0.9011. 1300.0 0.237 199.9 328.2 17.54 3.133 5.268 471.1
65.0 0.9785 1110.0 0.218 215.7 354.5 17.96 3.132 5.256 489.3
70.0 1.052 1510.0 0.202 231.5 380.7 18.35 3.131 5.246 506.8
75.0 1.126 16 2 0.0 0.188 217.2 407.0 18.71 3.130 5.238 523.6
80.0 1.200 1720.0 0.176 262.9 433.1 19.05 3.129 5.232 539.9
90.0 1.347 1930.0 0.156 291. 3 485.4 19.67 3.127 5.223 571.1

100.0 1.494 2130.0 0.140 325.6 537.6 20.22 3.126 5.216 600.6

125.0 1.861 2650.0 0.112 403.9 667.8 21.38 3.124 5.206 668.7
150.0 2.227 3160.0 0.0931 182.0 797.9 22.33 3.123 5.201 730.4
175.0 2.59 3 3670.0 0. 0800 560. 92 7.9 23.13 3.122 5.198 767.3
200.0 2.95 9 1190.0 0. 0700 638. 1058.0 23.82 3.121 5.196 840.3
225.0 3.325 1700.0 0.0622 716. 1188.0 24.44 3.120 5.195 890.2
250.0 3.691 5210.0 0.0560 791. 1318.0 24.98 3.120 5.194 937.5
27 5.0 4.057 5720.0 0.0509 871.9 1447.0 25.48 3.120 5.194 982.4
300.0 4.123 6230.0 0. 0166 919.9 1577.0 25.93 3.119 5.193 1025.0
350.0 5.151 7260.0 0. 0100 1106. 1837.0 26.73 3.119 5.193 1106.0
1.00.0 5.886 8280.0 0.0350 1262. 2097.0 27.42 3.119 5.193 1162.0

1.5 0.0 6.618 9300.0 0.0311 1117.0 2356.0 28.04 3.118 5.193 1253.0
500.0 7.319 10300.0 0.0280 1573.0 2616.0 28.58 3.118 5.193 1320.0
600.0 8.813 12100.0 0.0233 1885.0 3135.0 29.53 3.118 5.193 1445.0
700.0 10.28 11100.0 0. 0200 2197.0 3654.0 30.33 3.118 5.193 1560.0
800.0 11.71 16500.0 0.0175 2508. 4174.0 31.02 3.118 5.193 1667.0
900.0 13.20 18500.0 0.0155 2820. 4693.0 31.63 3.117 5.193 1768.0

1000.0 11.67 20600.0 0.0110 3132.0 5212.0 32.16 3.117 5.193 1863.0
1100.0 16.13 2 2600.0 0.0127 3143.0 5731.0 32.68 3.117 5.193 1954.0
1200.0 17.59 21700.0 0.0117 3755. 6251.0 33.13 3.117 5.193 2040.0
1300.0 19.06 2 6700.0 0. 0106 4066.0 6770.0 33.54 3.117 5.193 2123.0

11.00.0 20.52 28800.0 0. 0100 4378. 7 28 9.0 33.93 3.117 5.193 2203.0
1500.0 21.99 30800.0 0.00933 4690. 7808.0 34.29 3.117 5.193 2280.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUM BEEN MULTIPLIED BY THE INDICATED FACTOR
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II.. C ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM I.

TEMPERATURE DENSITY (OV/OTWV THERMAL VISCOSITY THERMAL
P CONDUCTIVITY OIFFUSIVITY

1/DEG.K HH/CM-K G/CM-S SQ-CM/S
»• X 1000000

2.5 16.51 111.0 9.40 167.0 . 1 32 0.196 66.5 0.000813 1.06229 0.496
3.0 16.37 82.3 12.6 156.0 0.0223 0.217 64.2 0.000721 1.06174 0.544
3.5 16.16 69.2 14.8 142.0 0.0314 0.233 60.6 0.000663 1.06092 0.565
..0 15.87 62.8 16.0 126.0 0.0403 0.249 56.7 0.000619 1.05982 0.578
4.5 15.52 60.2 16.0 110 .0 0.0490 0.263 53.0 0.000574 1.05846 0.595
5.0 15.09 59.3 15.2 94.4 0.0575 0.274 49.6 0.000533 1.05683 0.617
5.1 15.00 59.2 15.1 91.6 0.0592 0.2 76 49.0 0.000526 1.05647 0.621
5.2 14.90 59.0 15.0 89.2 0.0606 0.278 48.4 0.000523 1.05610 0.621
5.3 14.61 58.0 15.2 86.5 0.0622 .280 47.6 0.0 00525 1.05575 0.615

5.1. 14.72 57.4 15.2 83.7 . 6 39 0.262 47.3 0.000523 1.05539 0.615
5.5 14.62 56.9 15.1 81.0 0.06 56 0.284 46.8 0.000 520 1.05503 0.615
5.6 14.53 56.4 15.1 78.4 . 6 74 0.285 46.3 0.000517 1.05466 0.616
5.7 14.43 55.9 15.0 75.7 0.0692 0.287 45.8 0.000514 1.05426 0.617
5.8 14.33 55.5 15.0 73.2 0.0710 0.288 45.3 0.000510 1.05390 0.619
5.9 14.22 55.1 14.9 70.6 0.0730 0.290 44.8 0.000507 1.05350 0.622
6.0 14.12 54.7 14.8 68.2 0.0749 0.291 44.4 0.000503 1.05310 0.625
6.5 13.56 52.9 14.2 56.5 0.0857 0.295 42.3 0.000460 1.05098 0.650
7.0 12.95 51.2 13.5 46.3 0.0960 0.297 40.6 0.000456 1.04865 0.666
7.5 12.29 49.8 12.8 37.6 0.112 0.296 39.0 0.000433 1.04611 0.734

a.o 11.57 48.6 12.2 30.5 0.126 0.294 37.7 O.OC0414 1.04338 0.768
8.5 10.81 47.9 11.5 25.0 0.140 0.291 36.6 0.000402 1.04051 0.843
9.0 10.04 47.9 10.9 21.1 0.149 0.286 35.7 0.000400 1.03759 0.890
9.5 9.291 48.6 10.4 18.6 0.152 0.262 35.1 0.000410 1.03476 0.921

10.0 8.594 50.0 10.0 17.0 0.150 0.276 34.7 0.000433 1.03212 0.933
11.0 7.426 54.2 9.26 15.7 0.133 0.273 34.4 0.000510 1.02772 0.909
12.0 6.555 58.9 8.79 15.1 0.117 0.273 34.7 0.000603 1.02444 0.878
13.0 5.875 63.7 8.48 14.6 0.105 0.275 35.3 0.000701 1.02189 0.856
1<>.0 5.324 68.9 8.26 14.4 0.0 945 0.2 79 35.9 0.000604 1.01983 0.839
15.0 4.857 74.3 8.09 14.2 0.0859 0.283 36.7 0.000912 1.01812 0.826

16.0 4.484 80.0 7.95 14.2 0.0782 0.288 37.5 0.00103 1.01668 0.814
17.0 4.161 85.7 7.83 14.2 0.0717 0.294 38.3 0.00115 1.01548 0.602
18.0 3.884 91.5 7.73 14.2 0.0661 0.299 39.2 0.00127 1.01444 0.792
19.0 3.644 97.3 7.65 14.2 0.0614 0.305 40.1 0.00140 1.01355 0.784
20.0 3.435 103.0 7.57 14.3 . 5 72 0.311 41.0 0.00154 1.01276 0.776
21.0 3.250 109.0 7.51 14.3 0.0536 0.318 41.9 0.0 0167 1.01207 0.770
22.0 3.085 115.0 7.45 14.3 0.0505 0.324 42.6 0.00182 1.01146 0.764
23.0 2.937 120.0 7.40 14.3 0.0477 0.330 43.7 . 1 96 1.01091 0.759
2 4.0 2.804 126.0 7.36 14.4 0.0452 0.336 44.6 0.00211 1.01041 0.755
25.0 2.683 132.0 7.32 14.4 0.0429 0.342 45.5 0.00226 1.00996 0.751

26.0 2.573 137.0 7.28 14.4 0.0409 0.348 46.4 0.00241 1.00955 0.748
28.0 2.330 148.0 7.22 14.4 0.0374 0.361 48.2 0.00273 1.00883 0.742
30.0 2.215 160. D 7.16 14.5 0.0345 0.373 49.9 0.00306 1.00822 0.738
32.0 2.072 171.0 7.12 14.5 0.0321 0.385 51.7 0.00340 1.00769 0.734
34.0 1.948 182.0 7.08 14.5 0.0299 0.397 53.4 0.0 375 1.00723 0.731
36.0 1.836 193.0 7.04 14.5 0.0281 0.409 55.0 0.00411 1.00662 0.728
38.0 1.740 203.0 7.01 14.5 0.0265 0.421 56.7 0.00449 1.00645 0.725
40.0 1.653 214.0 6.99 14.5 0.0251 0.433 56.3 0.00468 1.00613 0.723

45.0 1.470 241.0 6.93 14.5 0.0221 0.462 62.3 0.00590 1.03545 0.719
50.0 1.324 268.0 6.89 14.4 0.0198 0.490 66.1 0.00698 1.00491 0.715
55.0 1.205 295.0 6.85 14.4 . 1 79 0.518 69.8 0.OG814 1.00447 0.712
60.0 1.106 321.0 6.83 14.4 0.0164 0.546 73.4 0.00937 1.00410 0.709
65.0 1.022 347.0 6.80 14.4 0.0151 0.573 76.9 0.0107 1.00379 0.706
70.0 0.9501 374.0 6.78 14.4 0.0140 0.599 80.3 0.012C 1.00352 0.703
75.0 0.8879 400. 6.77 14.4 0.0131 0.625 83.7 0.0134 1.0D329 0.701
80.0 0.8333 426.

D

6.75 14.3 0.0123 0.651 86.9 0.0149 1.00309 0.699
90. 0.7423 478.0 6.73 14.3 0.0109 0.701 93.3 0.0181 1.00275 0.695
100.0 0.6693 531.0 6.71 14.3 . 98 3 0.751 99.4 0.0215 1.00248 0.691

125.0 0.5373 661.0 6.68 14.2 0.00768 0.669 112.0 0.0311 1.00199 0.673
150.0 0.4490 791.0 6.66 14.2 0.00658 0.981 126.0 0.0 42 1.00166 0.670
175.0 0.3856 921.0 6.65 14.2 0.00565 1.09 140.0 0.0543 1.00143 0.667
200.0 0.3379 1050.0 6.63 14.1 0.00495 1.19 152.0 0.0677 1.00125 0.666
22 5.0 0.3007 1180.0 6.63 14.1 0.00440 1.29 165.0 0.0823 1.00111 0.665
25 0.0 0.2709 1310.0 6.62 14.1 . 39 6 1.38 177.0 0.098G 1.00100 0.665
275.0 0.2465 1440.0 6.62 14.1 0.00361 1.47 188.0 0.115 1.00091 0.666
300.0 0.2261 1570.0 6.61 14.1 0.00331 1.55 200.0 0.132 1.00084 0.668
350.0 0.1940 1630.0 6.61 14.1 0.00284 1.73 222.0 0.171 1.00072 0.667
1.00.0 0.1599 2090. 6.60 14.1 0.00249 1.89 243.0 0.215 1.09063 0.667

1.50.0 0.1511 2350.0 6.60 14.1 0.00221 2.05 264.0 0.262 1.00056 0.667
500.0 0.1361 2610.0 6.59 14.1 0.00199 2.21 284.0 0.313 1.00050 0.667
600.0 0.1135 3130.0 6.59 14.0 0.00166 2.51 322.0 0.426 1.00042 0.667
700.0 0.09731 3650.0 6.59 14.0 0.00142 2.90 359.0 0.554 1.00036 0.666
800. 0.08516 4170.0 6.59 14.0 0.00125 3.07 394.0 0.695 1.00032 0.666
900.0 0.07574 4680.0 6.58 14.0 0.00111 3.34 429.0 0.850 1.00028 0.666
1000.0 0.06816 5200.0 6.58 14.0 0.00100 3.60 462.0 1.02 1.00025 0.666
1100.0 0.06199 5720.0 6.58 14.0 0.000907 3.85 494.0 1.20 1.00023 0.666
1200.

D

0.05684 6240.0 6.58 14.0 0.000632 4.10 525.0 1.39 1.00021 0.666
1300.0 0.05247 6760.0 6.58 14.0 0.000768 4.34 556.0 1.59 1.00019 0.666

11.00.0 0.04873 7280.0 6.58 14.0 0.000713 4.57 586.0 1.61 1.00016 0.666
150 0.0 0.04549 7800.0 6.58 14.0 0.000666 4.60 616.0 2.03 1.00017 0.666

THO-PHASE 60UN0ARY
NUMBERS IN T1IS COLUHN HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

15.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K •• X .01 CC-ATN/G ATH/K J/G J/G J/G-K J/G-K M/S

2.0 0.05995 101.0.0 0.792 2.967 12.10 1.303 2.496 2.500 325.2
2.5 0.06019 101(0.0 2.19 3.708 12.86 1.659 1.395 1.437 329.6
3.0 0.06 069 989.0 3.1.8 4.355 13.56 1.942 1.678 1.615 329.0
3.5 0.0611.6 913.0 4.1.8 5. 151 14.49 2.235 1.851 2.146 327.4
4.0 0.06252 831.0 5.13 6.094 15.60 2.535 1.993 2.495 324.7
4.5 0.06388 71.7.0 5.1(6 7.216 16.93 2.848 2.156 2.900 318.9
5.0 0.06559 661.. 5.52 8.561 18.53 3.177 2.348 3.348 309.7
5.1 0.06 598 61.9.0 5.51 8.862 18.89 3.245 2.385 3.437 307.8
5.2 0.06639 637.0 5.50 9.176 19.27 3.314 2.401 3.502 306.8
5.3 0.06677 623.0 5.1.7 9.469 19.62 3.381 2.379 3.532 306.0

5. "4 0.06717 608.0 5.1(5 9.764 19.97 3.447 2.384 3.590 304.5
5.5 0.06756 593.0 5.1(2 10.06 20.33 3.514 2.3 89 3.650 302.9
5.6 0.06801 578.0 5.39 10.37 20.70 3.580 2.397 3.714 301.3
5.7 0.06 81(1. 561.. 5.35 10.67 21.08 3.647 • 2.405 3.779 299.6
5.8 0.06890 51.9.0 5.31 10.98 21.46 3.713 2.415 3.648 297.6
5.9 0.06936 535.0 5.27 11.30 21.84 3.780 2.425 3.918 296.0
6.0 0.06995 521.0 5.23 11.62 22.24 3.846 2.437 3.991 294.2
6.5 0.07250 1.55.0 (.98 13.31 24.32 4.162 2.502 4.369 264.4
7.0 0.07565 395.0 4.69 15.13 26.63 4.526 2.574 4.636 274.2
7.5 0.07938 31.2.0 4.38 17.11 29.17 4.880 2.648 5.331 264.0

e.o 0.08382 297.0 4.04 19.24 31.99 5.245 2.720 5.652 254.4
8.5 0.08909 262.0 3.70 21.54 35.08 5.623 2.799 6.367 245.9
9.0 0.09521. 236.0 3.36 23.96 38.44 6.009 2.953 6.816 239.2
9.5 0.1023 221.0 3.05 26.48 42.02 6.398 2.911 7.141 234.4

10.0 0.1100 215.0 2.76 29.03 45.75 6.783 2.960 7.307 231.8
11.0 0.1266 222.0 2.27 34. 07 53.31 7.509 3.024 7.183 230.9
12.0 0.11.32 21.0.0 1.92 38.72 60.49 8.138 3.057 6.887 233.9
13.0 0.1595 257.0 1.66 42.89 67.13 8.671 3.072 6.665 236.0
11.. 0.1758 276.0 1.47 46.88 73.59 9.151 3.086 6.531 243.4
15.0 0.1921 298.0 1.32 50.73 79.92 9.589 3.100 6.407 249.6

16.0 0.2081. 321.0 1.20 54.59 86.26 10.00 3.113 6.287 256.3
17.0 0.221(6 31.5.0 1.10 58.36 92.50 10.38 3.123 6.180 263.1
18.0 0.21.06 370.0 1.02 62.06 98.63 10.73 3.130 6.086 269.8
19.0 0.2565 391.. 0.945 65.69 104.7 11.05 3.135 6.002 275.5
20.0 0.27 2 2 1(19.0 0.882 69.27 110.6 11.36 3.139 5.929 263.0
21.0 0.2877 1.1.3.0 0.828 72.81 116.5 11.65 3.142 5.665 269.5
22.0 0.3031 1.67.0 0.780 76.30 122.4 11.92 3.144 5.808 295.6
23.0 0.3183 1.92.0 0.737 79.77 128.2 12.18 3.146 5.759 302.0
21.. 0.3335 516.0 0. 700 83.20 133.9 12.42 3.147 5.714 309.0
25.0 0.31.85 539.0 0.666 86.61 139.6 12.65 3.147 5.674 313.9

26.0 0.3635 563.0 0.635 69.99 145.2 12.87 3.148 5.639 319.7
26.0 0.3931 610.0 0.582 96.71 156.5 13.29 3.148 5.578 330.9
30.0 0. 4224 656.0 0.537 103.4 16 7.6 13.67 3.147 5.529 341.9
32.0 0.1.515 702.0 0.499 110.0 179.6 14.03 3.146 5.489 352.2
31.. 0.1.803 71.7.0 0.466 116.5 169.5 14.36 3.146 5.455 362.3
36.0 0.5090 792.0 0.437 123.0 200.4 14.67 3.145 5.426 372.0
36.0 0.5376 836.0 0.412 129.5 211.2 14.96 3.144 5.402 381.5
1.0.0 0.5660 990.0 0.390 136. 222.0 15.24 3.143 5.381 390.7

1.5.0 0.6366 989.0 0.343 152.1 24 9.8 15.87 3.140 5.340 412.8
50.0 0.7067 1100.0 0.307 168.0 275.4 16.43 3.138 5.311 433.6
55.0 0.7761. 1200.0 0.278 183.9 301.9 16.94 3.136 5.289 463.4
60.0 0.81(59 1310.0 0.254 199.8 329.3 17.40 3.135 5.273 472.2
65.0 0.9151 11.10.0 0.233 215.6 354.7 17.82 3.133 5.260 490.4
70.0 0.981.1 1520.0 0.216 231.4 390.9 18.21 3.132 5.250 507.8
75.0 1.053 16 2 0.0 0.202 247.1 407.2 18.57 3.131 5.241 524.6
ao.o 1.122 1730.0 0.189 262.8 433.3 18.91 3.130 5.235 540.9
90.0 1.259 1930.0 0.167 294.2 495.6 19.52 3.128 5.225 572.0
100.0 1.397 211.0.0 0.150 325.6 537.8 20.07 3.127 5.217 601.5

125.0 1.739 2650.0 0.120 403.8 66 8.1 21.24 3.124 5.207 669.5
15 0.0 2.081 3170.0 0.100 482.0 79 8.2 22.19 3.123 5.201 731.1
175.0 2.1.23 3680.0 0.0857 560. 928.2 22.99 3.122 5.198 788.0
200.0 2.761. 1.190.0 0.0750 6 38.0 1058.0 23.68 3.121 5.196 84 0.9
225.0 3.106 1.7 0.0 0.0666 716. 1186.0 24.29 3.121 5.195 890.8
250.0 3.1.1.7 5220.0 0.0600 794.0 1318.0 24.84 3.120 5.194 938.0
275.0 3.788 5730.0 0.0545 872.0 1449.0 25.34 3.120 5.194 982.9
300.0 (.130 62V0.0 0.0500 949.9 1578.0 25.79 3.120 5.193 1026.0
350.0 ..813 7260.0 0.0428 1106. 1837.0 26.59 3.119 5.193 1107.0
1.00.0 5.1.96 8290.0 0.0375 1262. 2097.0 27.28 3.119 5.193 1162.0

1(5 0.0 6.178 9310.0 0.0333 1416.0 2357.0 27.89 3.118 5.193 1253.0
500.0 6.961 10300.0 0. 0300 1573. 2616.0 28.44 3.118 5.193 1320.0
600.0 8.227 121(0 0.0 0.0250 18 95. 3135.0 29.39 3.118 5.192 1445.0
700.0 9.593 11(1(00.0 0.0214 2197.0 3655.0 30.19 3.118 5.192 1560.0
800.0 10.96 16500.0 0.0187 2508.0 4174.0 30.88 3.118 5.192 1667.0
90 0.0 12.32 18500.0 0.0167 2820. 4693.0 31.49 3.118 5.193 1768.0

1000.0 13.69 20600.0 0.0150 3132.0 5212.0 32.04 3.117 5.193 1863.0
110 0.0 15.06 22600.0 0.0136 3443.0 5732.0 32.53 3.117 5.193 1954.0
1200.0 16.1(2 21(700.0 0.0125 3755.0 6251.0 32.99 3.117 5.193 2040.0
1300.0 17.79 26700.0 0. 0115 4066. 6770.0 33.40 3.117 5.193 2123.0

11.00.0 19.15 28800.0 0.0107 4378.0 7289.0 33.79 3.117 5.193 2203.0
1500.0 20.52 30800.0 0.0100 4690. 7809.0 34.14 3.117 5.193 2280.0

THO-PHASE 80UN0ARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERNOPHYSICAL PROPERTIES OF HELIUM
15.0 ATMOSPHERE ISOBAR

TEMPERATURE OENSITY VCOM/OV> V (OP/OU) -V (OP/DV) (DV/OTI /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOT
P v T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

OEG.K G/CC
•• X 10C

j/; ATH-CC/J ATM 1/OEG.K MM/CM-K G/CH-S
X 1OOC000

SQ-CM/S

2.0 16.69 549.0 1.90 174.0 . 45 5 0.141 66.5 3.003339 1.06293 1.18
2.5 16.61 114.0 9.41 173.0 0.0126 0.198 68.7 0.000829 1.06267 0.498
3.0 16.49 84.9 12.6 163.0 0.0214 0.219 66.1 0.000733 1.06215 0.547
3.5 16.27 71.2 14.9 149.0 0.0301 0.2 36 62.3 0.003675 1.06136 0.567
4.0 16.00 64.5 16.1 133.0 0.0386 0.251 58.3 0.000630 1.06030 0.578
4.5 15.65 62.1 16.2 117.0 0.0 467 0.266 54.5 0.000585 1.05898 0.594
5.0 15.25 61.4 15.4 101.0 0.0545 0.278 51.0 0.000544 1.05742 0.614
5.1 15.15 61.4 15.2 98.4 0.0 560 0.280 50.3 0.000538 1.05707 0.618
5.2 15.06 61.2 15.2 96.0 0.0573 0.282 49.7 0.000534 1.05672 0.617
5.3 14.99 60.2 15.4 93.2 0.0587 0.284 49.1 0.000537 1.05639 0.611

5.» 14.89 59.6 15.4 90.4 0.0602 0.2 86 48.6 0.000535 1.05605 0.610
5.5 14.80 59.1 15.3 87.7 0.0618 3.288 48.0 0.000533 1.C5570 0.609
5.6 14.70 58.6 15.3 85.0 0.06 34 0.290 47.5 0.000530 1.05535 0.609
5.7 14.61 58.2 15.2 82.4 0.0650 0.291 47.0 0.000527 1.05499 0.610
5.8 14.51 57.6 15.2 79.7 0.0666 0.293 46.5 0.000524 1.05462 0.612
5.9 14.42 57.4 15.1 77.2 0.0683 0.294 46.1 0.000521 1.05425 0.614
6.0 14.32 57.0 15.0 74.6 0.0700 0.295 45.6 3.000517 1.05387 0.616
6.5 13.79 55.3 14.4 62.8 0.0794 0.301 43.5 0.000496 1.05186 0.636
7.0 13.22 53.8 13.8 52.2 0.0899 0.303 41.7 0.000474 1.04967 0.666
7.5 12.60 52.4 13.1 43.0 0.102 0.303 4D.2 0.000452 1.04730 0.7C6

8.0 11.93 51.3 12.5 35.4 0.114 3.302 38.8 0.000432 1.04476 0.754
8.5 11.22 50.5 11.8 29.4 0.126 0.299 37.7 0.0CO418 1.04208 0.803
9.0 10.50 50.3 11.2 24.8 0.136 C.295 36.8 0.0 00 413 1.03933 0.850
9.5 9.780 50.7 10.7 21.6 0.141 0.291 36.1 0.000417 1.03660 0.886

10.0 9.094 51.7 10.3 19.5 9.141 0.2 87 35.6 0.000432 1.03401 0.907
11. D 7.900 55.3 9.51 17.5 0.130 3.281 35.2 0.000496 1.02951 0.899
12.0 6.981 60.1 8.99 16.7 0.115 0.280 35.4 0.000582 1.02605 0.871
13.0 6.271 64.7 8.64 16.1 0.103 0.282 35.9 3.0C0672 1.02338 0.852
14.0 5.690 69.7 8.39 15.7 0.0937 0.265 36.5 0.080766 1.02120 0.837
15.0 5.207 74.9 8.21 15.5 0.0855 0.289 37.2 0.000865 1.01939 0.826

16.0 4.798 80.5 8.05 15.4 0.0781 0.293 38.0 0.000972 1.01786 0.814
17.0 4.452 86.2 7.93 15.4 0.0717 0.298 38.8 0.00108 1.01656 0.803
18.0 4.156 91.9 7.82 15.4 0.0662 3.304 39.6 0.00120 1.31546 0.794
19.0 3.899 97.7 7.73 15.4 0.0615 0.309 40.5 0.00132 1.31450 0.786
20.0 3.674 103.0 7.65 15.4 0.0573 0.315 41.4 0.00145 1.01366 0.778
21.0 3.476 109.0 7.58 15.4 0.0537 0.321 42.3 0.00158 1.01292 0.772
22.0 3.300 115.0 7.52 15.4 (1.0506 0.327 43.2 0.00171 1.01226 0.766
23.0 3.141 121.0 7.46 15.4 0.0477 0.333 44.1 0.00184 1.01167 0.761
2<>.0 2.999 126.0 7.41 15.5 0.0452 0.339 44.9 0.00196 1.01114 0.757
25.0 2.859 132.0 7.37 15.5 0.0433 0.345 45.8 0.00212 1.01066 0.753

26.0 2.751 138.0 7.33 15.5 0.0410 0.351 46.7 0.00226 1.01022 0.750
28.0 2.544 149.0 7.26 15.5 . 3 75 0.364 48.5 0.00256 1.00944 0.744
30.0 2.367 160.0 7.21 15.5 0.0346 0.376 50.2 0.00287 1.00879 0.739
32.0 2.215 171.0 7.16 15.5 0.0321 0.388 51.9 G. 00319 1.00822 0.735
34.0 2.082 182.0 7.11 15.6 0.3300 0.403 53.6 0.00352 1.03772 0.732
36.0 1.964 193.0 7.08 15.6 0.0281 0.412 55.3 0.00386 1.33729 0.729
38.0 1.850 204.1 7.04 15.6 0.3265 0.423 56.9 0.00421 1.03690 0.726
40.0 1.757 215.0 7.02 15.6 0.0251 0.435 58.5 0.00458 1.00655 0.724

1.5.0 1.571 242.0 6.96 15.5 0.0221 0.464 62.5 0.00553 1.03583 0.719
50.0 1.415 269.0 6.91 15.5 0.0198 0.492 66.3 0.00655 1.03525 0.715
55.0 1.288 295.0 6.87 15.5 0.0179 0.520 70.0 0.00763 1.00478 0.712
60.0 1.182 322.0 6.84 15.5 0.0164 0.547 73.6 0.00878 1.03438 0.709
65.0 1.093 348.0 6.82 15.5 0.0151 0.574 77.1 0.013C 1.30405 0.706
70.0 1.016 374.0 6.80 15.4 0.0140 .600 80.5 0.0113 1.00377 0.703
75.0 0.9496 401.0 6.78 15.4 0.0131 0.627 83.8 0.0126 1.00352 0.701
80.0 0.8913 427.0 6.77 15.4 0.0123 3.652 87.1 0.0140 1.00330 0.699
90.0 0.7941 479.0 6.74 15.4 0.0109 0.703 93.4 0.0169 1.00294 0.695
100.0 0.7161 531.0 6.72 15.3 . 98 2 0.752 10 0.0 0.0201 1.03265 0.691

125.0 0.5751 662.0 6.69 15.3 0.30787 0.870 112.0 0.0 291 1.03213 0.673
150.0 0.4806 792.0 6.66 15.2 . 65 7 0.982 126.0 0.0393 1.00178 0.670
175.0 0.4128 922.0 6.65 15.2 CO 56 4 1.09 140.0 0.0507 1.03153 0.667
200.0 0.3618 1050.

D

6.64 15 .2 0.00494 1.19 152.0 0.0633 1.00134 0.666
225.0 0.3220 1180.0 6.63 15.1 0.00440 1.29 165.0 0.0769 1.00119 0.665
250.0 0.2901 1310.0 6.62 15.1 0.00396 1.38 177.0 0.0916 1.00107 0.665
275.0 0.2640 1440.0 6.62 15.1 O.U0360 1.47 188.0 0.107 1.00098 0.666
300.0 0.2421 1570.0 6.61 15.1 . 33 1 1.55 200.0 0.124 1.00090 0.667
350.0 0.2078 1830.0 6.61 15.1 0.00284 1.73 222.0 0.160 1.00077 0.667
400.0 0.1820 2090.0 6.60 15.1 0.00249 1.89 243.0 0.200 1.00067 0.667

450.0 0.1619 2350.0 6.60 15.1 0.00221 2.05 264.0 0.244 1.03060 0.667
500.0 0.1457 2610.0 6.60 15.1 3.00199 2.21 284.3 0.292 1.00054 0.667
600.0 0.1216 3130.0 6.59 15.0 0.00166 2.51 322.0 0.398 1.00045 0.667
700.0 0.1042 3650.0 6.59 15.0 0.00142 2.80 359.0 0.517 1.03039 0.666
800.0 0.09125 417O.0 6.59 15.0 0.00125 3.07 394.0 0.649 1.00034 0.666
900.0 0.08114 4690.0 6.59 15.0 0.00111 3.34 429.3 0.793 1.00030 0.666
1000.0 0.07304 5200.0 6.58 15.0 0.00100 3.60 462.0 0.949 1.00027 0.666
1100.0 0.06642 5720.0 6.58 15.0 0.000907 3.85 494.0 1.12 1.00025 0.666
1200.0 0.06089 6240.0 6.58 15.0 0.000832 4.10 525.0 1.30 1.00323 0.666
1300.0 0.05622 6760.0 6.58 15.0 0.000768 4.34 556.0 1.49 1.03021 0.666

1400.0 0.05221 7280.0 6.58 15.0 0.000713 4.57 586.0 1.69 1.00019 0.666
1500.0 0.04873 7800.0 6.58 15.0 0.000666 4.80 616.0 1.90 1.00018 0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUH l>

16.0 ATMOSPHERE IS09AR

TEHPERATUPE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOJNO

DEG. K •* X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.0 0. 05960 1070.0 0.896 3. 042 12.71 1.303 2.372 2.377 329.3
2.5 0.05984 1070.0 2.17 3.733 13.43 1.648 1.373 1.413 334.2
3.0 0.06031 1020.0 3.47 4.366 14.14 1.926 1.661 1.792 334.0
3.5 0.06105 948.0 4.50 5.144 15.04 2.215 1.834 2.116 332.9
4.0 0. 06206 867.0 5. 18 6.067 16.13 2.511 1.977 2.459 330.6
4.5 0.06336 784.0 5.52 7. 166 17.44 2.818 2.144 2.856 325.2
5.0 0.061.97 701.0 5.60 8.484 19.02 3.143 2.336 3.292 316.4
5.1 0.06534 687.0 5.59 8.779 19.37 3.209 2.373 3.378 314.7
5.2 0.06572 675.0 5.58 9.086 19.74 3.277 2.389 3.441 313.6
5.3 0.06608 660.0 5.56 9.373 20.09 3.342 2.368 3.468 313.0

5.1. 0.06646 645.0 5.54 9.661 20.44 3.406 2.372 3.522 311.6
5.5 0.06684 631.0 5.52 9.95 2 0.79 3.473 2.378 3.580 310.1
5.6 0.06724 616.0 5.49 10.25 21.15 3.536 2.386 3.639 308.5
5.7 0.06765 602.0 5.45 10.55 21.52 3.603 2.394 3.701 306.9
5.8 0. 06307 587.0 5.42 10.85 21.89 3.668 2.404 3.765 305.3
5.9 0.06850 573.0 5.38 11.16 2 2.27 3.733 2.415 3.832 303.6
6.0 0.06395 559.0 5.34 11.47 22.65 3.798 2.426 3.900 301.6
6.5 0.07141 493.0 5. 11 13.11 24.69 4.126 2.491 4.270 292.5
7.0 0. 07428 432.0 4. 84 14.88 26.92 4.459 2.562 4.684 282.7
7.5 0.07765 377.0 4.54 16.78 29.37 4.800 2.635 5.134 272.9

8.0 0.08162 331.0 4.22 18. 84 32.07 5.151 2.706 5.611 263.5
8.5 0.03627 292.0 3.89 21. 04 35.02 5.512 2.773 6.090 255.1
5-0 0.09168 264.0 3.56 23.36 36.23 5.881 2.836 6.530 248.0
9.5 0.09784 244.0 3.25 25.79 41.65 6.253 2.893 6.663 242.6
10.0 0.1047 234.0 2.96 28.28 45.25 6.625 2.942 7.111 239.1
11.0 0.1197 234.0 2.45 33.29 52.70 7.340 3.012 7.124 236.6
12.0 0.1352 248.0 2.07 37.96 59.87 7.969 3.048 6.693 238.5
13.0 0.15 3 266.0 1.80 42.24 66.61 8.511 3.068 6.682 242.2
14.0 0.1654 284.0 1.59 46.25 73.06 6.990 3.082 6.538 247.0
15.0 0.1805 304.0 1. 43 50.13 79.39 9.427 3.096 6.423 252.6

16.0 0.1958 326.0 1.30 54. 01 85.76 9.638 3.111 6.310 259.0
17.0 0.2110 350.0 1.19 57.81 92.02 10.22 3.121 6.207 265.5
18.0 0.2260 374.0 1.09 61.54 96.18 10.57 3.129 6.114 272.0
19.0 0.2409 398.0 1.02 65.20 104.2 10.90 3.135 6. 032 278.5
20.0 0.2556 422.0 0.948 68.80 110.2 11.21 3.140 5.959 265.0
21.0 0.2702 447.0 0.889 72. 36 116.2 11.49 3.143 5.894 291.3
22.0 0.2847 471.0 0.838 75.88 122.0 11.77 3.145 5.836 297.5
23.0 0.2990 495.0 0.792 79.36 127.8 12.03 3.147 5.785 303.7
24.0 0.3133 519.0 0.751 82. 81 133.6 12.27 3.148 5.739 309.6
25.0 0.3274 543.0 0.714 86.24 139.3 12.50 3.149 5.698 315.5

26.0 0.3415 567.0 0.681 89.64 145.0 12.73 3.149 5.662 321.3
28.0 0.3693 614.0 0.623 96.38 156.3 13.14 3.149 5.599 332.4
30.0 0.3969 660.0 0.575 103.1 167.4 13.53 3.149 5.548 343.2
32.0 0.4243 7G6.0 0.534 109.7 178.5 13.89 3.148 5.505 353.6
34.0 0.4514 751.0 0.498 116.2 169.4 14.22 3.147 5.470 363.6
36.0 0.4784 796.0 0.468 122.8 200.3 14.53 3.146 5.440 373.4
38. 0.5052 840.0 0.441 129.3 211.2 14.82 3.145 5.414 382.6
40.0 0.5319 885.0 C.416 135.8 22 2.0 15.10 3.144 5.392 392.0

".5.0 0.59 9 2 994.0 0.367 151.9 248.8 15.73 3.142 5.349 414.0
50.0 0.66-.0 1100.0 0. 328 167.9 275.5 16.29 3.140 5.318 434.8
55.0 0.7294 121C.0 0.297 183.8 302.0 16.80 3.138 5.295 454.5
60.0 0.79i6 1310.0 0.271 199.7 32 8.5 17.26 3.136 5.278 473.4
65.0 0.8595 1420.0 0.249 215.5 354. » 17.68 3.134 5.264 491.4
70.0 0.9243 1520.0 0.231 231.3 381.1 18.07 3.133 5.253 508.8
75.0 0.9890 1630.0 0.215 247. 407.4 18.43 3.132 S.245 525.6
80.0 1.054 1730.0 0.201 262.8 433.6 18.77 3.131 5.237 541.9
90.0 1.182 194C.0 0.179 294.2 485.9 19.39 3.129 5.227 572.9
100.0 1.311 2150.0 0.161 325.5 538.1 19.94 3.128 5.219 602.4

125.0 1.632 2660.0 0.128 403.8 668.4 21.10 3.125 5. 208 670.3
15 0.0 1.953 3170.0 0.107 482.0 798.5 22.05 3.123 5.202 731.8
175.0 2.27 3 3690.0 0.0914 560.0 92 8.5 22.85 3.122 5.199 786.6
200.0 2.593 4200.0 0.0800 638.1 1058. 23.55 3.122 5.197 641.5
225.0 2.913 4710.0 0. 0711 716. 1 1186.0 24.16 3.121 5.195 891.3
250.0 3.234 5220.0 0.0639 7 94.0 1318.0 24.71 3.120 5.195 938.5
275.0 3.554 5730.0 0. 0581 872.0 1448.0 25.20 3.120 5.194 963.4
300.0 3.874 6250.0 0.0533 949.9 1578.0 25.65 3.120 5. 194 1026.0
35 0.0 4.514 7270.0 0. 0457 1106. 1838.0 26.45 3.119 5.193 1107.0
400.0 5.154 8290.0 C.0400 1262.0 2C97.0 27.15 3.119 5.193 1183.0

45 0.0 5.794 9320.0 0. 0355 1418.0 2357.0 27.76 3.119 5.193 1254.0
500.0 6.434 10300.0 0.0320 1573.0 2616. 26.31 3.118 5.192 1321.0
600.0 7.714 1240C.0 0. 0266 18 85. 3136.0 29.25 3.118 5.192 1446.0
700.0 8.995 14400.0 0.0228 2197.0 3655.0 30.05 3.116 5.192 1560.0
SOO.O 10.28 16500.0 0. C200 2508.0 4174.0 30.75 3.118 5.192 1666.0
900.0 11.56 18500.0 0.0178 2820. 4693.0 31.36 3.118 5.192 1768.0

1000.0 12.84 20600.0 0.0160 3132.0 5213.0 31.90 3.118 5.193 1863.0
1100.0 14.12 2 2600.0 0.0145 3443.0 5732.0 32.40 3.117 5.193 1954.0
120C.0 15.40 24700.0 0. 0133 3755.0 6251.0 32.65 3.117 5.193 2040.0
1300.0 16.68 26700.0 0.0123 4067.0 6770.0 33.27 3.117 5.193 2123.0

1400.0 17.96 28800.0 0.0114 4378.0 7 29 0.0 33.65 3.117 5.193 2203.0
1500.0 19.24 30800.0 0. 0107 4690. 7809.0 34.01 3.117 5.193 2280.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN IULTIPLIED BY THE INDICATED FACTOR



16.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM 4

21.0
22.0
23.0

26.0
28.0
30.0
32.0
H.I
36.0
36.0
••0.0

45.0

100.0

125.0
150.0
175.0
200.0
22 5.0
25 0.0
275.0
300.0
350.0
1.00.0

o 0.0

530.0
600. D

700.0

1100.0
1200.0
1300.0

11.0 0.0
1500.0

OEHSITY VCDH/OVI
P

V(OP/OUI_ -V (D

c/cc J/S ATM-CC/J A

" X 10

lb. 78 1.75.0 2.25 179.0
16.71 117.0 9.44 179.0
16.58 87.3 12.6 169.0
16.38 73.1 15.0 155.0
16.11 66. 4 16.3 140 .0

15.78 64.

3

16.3 124.0
15.39 63.5 15.6 108 .0

15.31 63.5 15.4 1C5.0
15.22 63.3 15.4 103.0
15.13 62.3 15.5 ica .o

15.05 61.7 15.5 97.1
It. 96 61.2 15.5 94.3

5.9 14.60
6.0 14.50
6.5 14.00
7.0 13.46
7.5 12.88

8.0 12.25
8.5 11.59
9.0 10.91
9.5 10.22

10.0 9.553

53.9
53.1

It 152 98 1

3 912 104
3 701 110
3 513 115
3 344 121
3 192 127 3

3 1)54 132

2 928 138
2 708 149
2 519 160
2 357 172
2 215 183
2 090 194
1 979 204
1 8S0 215

1 672 242
1 506 269
1 371 296
1 259 322
1 163 349
1 082 375
1 011 401

9492 428
8457 480
7527 532

6127 663
5121 793
.4399 922
3856 1050
3432 1180
3093 1310
.2814 1440
2582 1570 D

.2215 1830

.1940 2090

1726 2350
.1554 2610 D

.1296 3130

.1112 3650

.09732 4170

.08654 4690

.07790 5200

.07084 5720

.06495 6240

.05996 6760

.05568 7280

.05198 7800

7.19
7.15

6.64
6.63
6.63

16.6
16.6

6.58
6.58

<L IOV/OTI/V~
P

1/OEG.K

0.00500
C.0121
0.3205
U.3290
0.0370
0.0 446
0.0519
0.0 5 32
0.0544
0.0557

0.0571
0.0 5 85

0.0599
0.0613
0.0628
0.3643
0.0658
0.0741
u.0 8 32

0.3 9 34

G.130
0.133
.,.126
0.113
0.102
0.0926
0.3849

0.3778
0.0716
0.0662
0.0615
3.0574
0.0538
3.0536
0.0478
0.U453
0.0431

3.3413
0.0375
0.0346
0.0321
0.0300
3.3281
0.0265
0.3250

0.3221
0.3198

. 1 79
3.3164
0.0151
0.0140
0.3131
3.0122
0.0109
0.30981

0.33786
0.30656
0.30564
0.00494
0.00439
C.J 39

6

3.30360
0.30330
3.0328'.
0.30248

0.30221
0.03199
0.0316b
0.00142
G. 12

5

3.00111
0.03100
0.003937
0.000832
0.00C768

0.000713
0.000666

THERMAL VISCOSITY
CONDUCTIVITY

MH/CM-K G/CM-S
•• X 1COCOO0

0.142 63.8
3.200 70.8
0.221 68.0
0.2 38 64.0
0.254 59.8
0.269 55.9
0.281 52.3
0.283 51.6
3.286 51.0
3.288 50.4

0.290 49.8
3.292 49.3
0.294 48.7
0.295 48.2
3.297 47.7
0.298 47.3
3.300 46.8
0.306 44.7
3.3C9 42.9
0.310 41.3

0.288
0.291
3.294

0.3..3

J. 308
3.314
0.319
0.325
3 .331
3.336
3.342
3.348

3 .354
3.366
0.378
0.390

402

.628

.654

113.3
126.0
140. C

153.0
165.0
177.0
188.3
20 0.0
222.0
243.0

264.0
284.3
322.3
359.0
395.0
429.0
462.0
494.0
525.0
556.0

0.033356
0.0C3846
0.0037-4
0.0Gjb86
0.000641
0.003596
0.000555
0.033548
0.000545
0.000548

0.000547
0.000545
0.000542
0.000540
3.003537
0.00C534
3.0C0533
0.000511
O.G30490
0.000469

0.0 00449
3.300435
0.000426
3.G30426
3.000436
U.0CG487
O.0OC563
G. 00648
0.00G735
G.0CC827

C.C0G926
0.031C3
0.00114
0.0U125
0.00137
0.00149
3.03161
0.30174
0.00187
0.302C0

0.00214
C. 30242
0.00271
0.003C1
3.00332
0.CG364
0.00397
3.00431

C. 00521
0.00617
0.BO71B
0.00826
3.0094C
0.0106
0.0118
0.0131
0.0159
0.0189

0.0273
3.0369

.101

.116

.150

3.608
0.744
0.890

1.C6330
1.35334
1.06254
1.06177
1.C6075
1.05948
1.05797
1.05764
1.G5730
1.05698

1.05666
1.C5633
1.05599
1.05564
1.G5529
1.05494
1.05457
1.05267
1.05060
l.C-837

1.04088
1.03827
1.03575
1.33121
1.02762
1.32431
1.02254
1.32063

31901
01764
C1646
01544
31455
31376
31305
01243

1.01088
1.1,1005
1.03935
1.03875
1.03822
1.C3776
1.C0734
1.03697

1.03620
1.03558
1.03508
1.03467
1.03431
1.33431
1.0)375
1.03352
1.03313
1.03283

1.03227
1.G0193
1.00163
1.C3143
1.03127
1.3.115
1.00104
1.03096
1.03382
1.00372

1.03364
1.30058
1.00048
1.03041
1.33336
1.00332
1.03029
1.03026
1.00324
1.03022

1.03021

1.15
0.5C1
3.551
0.570
0.580
0.594
0.612
0.615
0.614
0.6C7

0.6C4
0.605
0.605
0.607
0.609
0.624
0.650
0.684

0.725
0.770
0.814
0.852
0.8 79
0.886
0.867
0.846
0.834
0.824

.814

0.780
0.774
0.768
0.763
0.759
0.755

0.751
0.745
0.740
0.7 36
0.733
0.733
0.727
0.725

0.720
0.716
0.712
0.709
0.7G6
C.7G4
C.7C1
0.699
0.695
0.691

0.673

.665

.666

.667

.667

.667

.667

.667

.667

.666

.666

.666

.666

.666

.666

.666

.666

MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

18.0 ATMOSPHERE IS03AR

rEHPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K ** X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K M/S

2.0 0.05895 1120.0 1.15 3.155 13.91 1.304 2.147 2.156 337.0
2.5 0.05919 1130.0 2.15 3.791 14.59 1.626 1.333 1.369 343.0
3.0 0.05962 1090.0 3.47 4.396 15.27 1.896 1.628 1.746 343.6
3.5 0.06 29 1020.0 4.54 5.142 16.14 2.177 1.801 2.062 343.3
"i.O 0.06122 937.0 5.26 6. 28 17.19 2.465 1.946 2.394 341.8
"t.5 0.06240 855.0 5.64 7. 086 18.47 2.764 2.117 2.777 337.1
5.0 0.06386 774.0 5.75 8.355 20.00 3.076 2.313 3.194 329.1
5.1 0.06419 760.0 5.75 8.639 20.35 3.143 2.351 3.276 327.5
5.2 0.06453 748.0 5.74 8.936 20.70 3.208 2.367 3.335 326.7
5.3 0.06485 734.0 5.73 9.211 21.04 3.272 2.346 3.357 326.1

5.4 0. 06519 719.0 5.71 9.486 21.38 3.335 2.351 3.407 324.8
5.5 0.06553 704.0 5.69 9.766 21.72 3.396 2.356 3.459 323.5
5.6 0.36583 690.0 5.67 10.05 22.07 3.461 2.365 3.513 322.1
5.7 0.06624 675.0 5.64 10.34 22.42 3.524 2.374 3.569 320.6
5.8 0. 06662 661.0 5.61 10.63 22.78 3.586 2.364 3.627 319.1
5.9 0.06700 647.0 5.58 10.92 23.14 3.649 2.395 3.687 317.6
6.0 0.06739 633.0 5.54 11.22 23.51 3.712 2.407 3.748 316.0
6.5 0.06953 566.0 5.34 12.78 25.46 4.025 2.472 4.077 307.4
7.0 0.07198 504.0 5.10 14.45 27.58 4.342 2.543 4.438 298.4
7.5 0. 07481 447.0 4.82 16.25 29.89 4.664 2.615 4.626 269.2

8.0 0-07807 398.0 4.53 18. 17 32.41 4.992 2.684 5.234 280.3
8.5 0.08184 355.0 4.23 20.22 35.15 5.326 2.749 5.650 272.0
9.0 0.08615 321.0 3.92 22.39 38.10 5.667 2.809 6.054 264.7
9.5 0.09105 295.0 3.62 24.66 41.27 6.012 2.364 6.415 256.6

10.0 0.09653 277.0 3.33 27.01 44.61 6.357 2.913 6.704 253.9
11.0 0. 1090 263.0 2.80 31.89 51.76 7.045 2.989 6.931 246.5
12.0 0.1222 270.0 2.38 36.58 58.86 7.668 3.032 6.845 248.3
13.0 0.1354 284.0 2. 06 40. 98 65.68 6.217 3.058 6.671 250.7
14.0 0.1485 301.0 1.82 45. 08 72.18 6.700 3.075 6.531 254.4
15.0 0.1617 318.0 1.64 48.99 7 8.49 9.136 3.090 6.434 258.9

16.0 0.1752 339.0 1.48 52.92 84.87 9.549 3.106 6.337 264.6
17.0 0.1836 361.0 1.36 56.77 91.16 9.930 3.118 6.244 27 0.6
18.0 0.2019 384.0 1. 25 60.54 97.36 10.26 3.128 6. 158 276.7
19.0 0.2151 407.0 1. 16 64.24 103.5 10.62 3.135 6.079 262.9
2C.0 0.2233 431.0 1.08 67.89 109.5 10.93 3.140 6.007 289.1
21.0 0.2413 455.0 1.01 71.49 115.5 11.22 3.144 5.943 295.2
22.0 0.2542 -79.0 0.954 75.05 121.4 11.49 3.147 5.884 301.2
23.0 0.2670 503.0 0.901 78.57 127.3 11.75 3.149 5.832 307.2
24.0 0.2798 527.0 0.854 82.05 133.1 12.00 3.150 5.784 313.1
25.0 0.2924 551.0 0.81? 85.51 138.8 12.23 3.151 5.742 318.8

26.0 0.3050 574.0 0.773 88.94 144.6 12.46 3.152 5.703 324.5
28.0 0.3299 621.0 0.707 95.73 155.9 12.88 3.152 5.637 335.5
30.0 0.3545 668.0 0.652 102.5 16 7.1 13.27 3.152 5.582 346.2
32.0 0.3790 714.0 C.605 109. 1 176.2 13.62 3.151 5.537 356.4
34.0 0.4032 759.0 0.564 115. 7 189.3 13.96 3.150 5.498 366.4
36.0 0.4273 804.0 0.529 122.3 200.2 14.27 3.149 5.466 376.1
36.0 0.4512 849.0 0.498 128.8 211.1 14.57 3.148 5.438 385.5
40.0 0.4750 894.0 0.471 135.3 222.0 14.85 3.147 5.414 394.6

45.0 0.5342 1000.0 0.414 151.5 248.9 15.48 3.145 5.367 416.5
50.0 C.5928 111C.0 0.37C 167.6 275.7 16.04 3.142 5.333 437.2
55.0 0.6511 1220.0 0.334 163.5 302.3 16.55 3.140 5.307 456.8
60.0 0.7092 1320.0 0.305 199.4 328.3 17.01 3.138 5.288 475.6
65.0 0.76 7 1430.0 0.281 215.3 355.2 17.43 3.136 5.273 493.6
70.0 0.8247 154C.0 0.26 231.1 381.5 17.82 3.135 5.260 510.9
75.0 0.8822 1640.0 0.242 246.9 407.8 18.19 3.134 5.251 527.6
80.0 0.9397 1740.0 0.227 262.6 434.0 18.53 3.133 5.243 543.8
90.0 1.054 195C.0 0.201 294. 1 436.4 19.14 3.131 5.231 574.8

10C.0 1.169 2160.0 0. 161 325.5 538.6 19.69 3.129 5.222 604.1

125.0 1.454 2670.0 0.144 403.8 66 9.0 20.86 3.126 5.210 671.8
15 0.0 1.739 319C.0 0.12C 481.9 799.1 21.81 3.124 5.203 733.2
175.0 2.024 3700.0 0.103 560.0 929.2 22.61 3.123 5.199 789.9
200.0 2.309 4210.0 0.0899 638.1 1059.0 23.30 3.122 5.197 642.7
225.0 2.593 4720.0 0.0799 716.1 1189.0 23.91 3.122 5.196 892.4
250. 2.87 3 5230.0 0.0719 794.1 1319.0 24.46 3.121 5.195 939.5
275.0 3.1o2 5750.0 0. 0654 872.1 1449.0 24.96 3.121 5. 194 984.3
300.0 3.447 6260.0 0.0599 950.0 1579.0 25.41 3.120 5.194 1027.0
35 0.0 4.315 7280.0 0. C514 1106. 1638.0 26.21 3.120 5.193 1108.0
400.0 4.534 8300.0 0. 0450 1262. 2098.0 26.90 3.119 5. 193 1183.0

450.0 5.153 9330.0 C. 0400 1418.0 2 35 6.0 27.51 3.119 5.193 1254.0
500.0 5.722 1C30C.0 C.0360 1574. 2617.0 28.06 3.119 5.192 1321.0
600.0 6.360 12400.0 0. 0300 1885. 3136.0 29.01 3.118 5.192 1446.0
700.0 7.998 1440C.0 0.0257 2197.0 3656.0 29.81 3.118 5.192 1561.0
800.0 9.136 16500.0 0. 0225 2509.0 4175.0 30.50 3.118 5.192 1668.0
900.0 10.27 18500.0 0. 02C0 2820. 4694.0 31.11 3.116 5.192 1769.0

1000.0 11.41 20600.0 0. 0160 3132. 5213.0 31.66 3.118 5.192 1864.0
110C.0 12.55 22600.0 0.0164 3443.0 5733.0 32.16 3.118 5.192 1954.0
120C.0 13.69 24700.0 0. 0150 3755. 6252.0 32.61 3.118 5.192 2041.0
1300.0 14.33 26700. C 0. 0138 4067.0 6771.0 33.02 3.116 5.193 2124.0

140C.O 15.97 28800.0 0.0129 4378.0 7290.0 33.41 3.117 5.193 2204.0
1500.0 17.10 30BOO.0 0. 0120 4690. 7610.0 33.77 3.117 5.193 2281.0

THO-PHASE EOUNCARY
NUMBERS IN THIS COLUMN ML'LTIPLIEC BY THE INOICATEO FACTOR
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1S.Q ATHOSPHERE IS08AR
THERHOPHYSICAL PROPERTIES OF HELIUM

EMPERATURE DENSITY ViOH/DVl V (OP/DU1 -V (OP/DVI (OV/DT) /V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOT
P v P CONDUCTIVITY OIFFUSIVITY CONSTANT NUHSER

DECK G/CC
••X IOC

J/G ATH-CC/J ATM 1/DEG.K MW/CH-K G/CH-S
' X 1C00OOO

SO-CM/S

2.0 16.96 356.0 3.15 169.0 0. 60

5

0.11.3 73.5 0.00.392 1.06-01 1. 10
2.5 16.90 122.1 9.5k 191.0 0.0112 0.203 75.1 C.00C877 1.06375 0.5C7
3.0 16.77 91.8 12.7 182.0 0.0190 3.225 71.9 0.300768 1.06328 0.559
3.5 16.59 76.6 15.2 169.0 0.0269 0.21.2 67.5 0.CC37L.8 1.C6256 0.575
k.O 16.33 69.7 16.5 153.0 0.03-3 3 .259 62.9 O.C 662 1.C6163 0.582
k.5 16.03 67.5 16.6 137.0 O.Okll 0.27k 58.7 G.0C3616 1.060-1 0.595
5.0 15.65 67. k 15.9 121.0 0.3k7k 0.288 5k.

9

0.00.575 1.05900 0.610
5.1 15.58 67.5 15.7 118.0 „.0k85 0.290 5k.

2

0.0.0568 1.-5970 0.612
5.2 15.50 67.3 15.7 116.0 0.0k95 J. 292 53.5 O.OG-566 1. 05838 0.610
5.3 15.1.2 66.3 15.9 113.0 0.0507 0.295 52.9 U. 003569 1.C5808 0.6C3

5.1. 15.3k 65.8 15.9 110.0 0.0518 0.297 52.3 0.0 00 568 1.05778 0.600
5.5 15.26 65.3 15.9 1C7.0 0.C5 30 0.299 51.7 0.000566 1.057-7 0.598
5.6 15.18 6k.

9

15.9 105.0 0.05k2 3.301 51.2 0.000565 1.05716 0.597
5.7 15.10 6k. 5 15.7 102.0 0.055k 0.303 50.6 0.000562 1.C568- 0.596
5.8 15.01 6k. 1 15.7 99.2 0. J566 0.305 50.1 0.00 0560 1.05652 0.596
5.9 Ik. 93 63.8 15.6 96.5 . 5 78 0.307 k9.6 0.000557 1.05619 0.597
6.0 Ik. 8k 63.5 15.5 93.9 0.0590 0.3C8 k9.1 0.00055k 1.05586 0.597
6.5 Ik. 38 62.1 15.0 61.

k

CO 6 56 J. 315 k6.9 0. 000537 1.05-12 0.6C7
7.0 13.89 60.9 lk.k 70 .0 0.0728 0.323 k5.0 0. 000516 1.0522- 0.625
7.5 13.37 59.9 13.9 59.8 0.0806 0.322 k3.k 0.000-99 1.0532k 0.651

8.0 12.81 56.9 13.2 50 .9 0.0990 0.322 1.2.0 0.000-81 1.0-811 .682
8.5 12.22 58.0 12.6 k3 .k 0.097k 0.321 k0.8 0.000k65 1.0-586 0.719
9.0 11.61 57.5 12.0 37.2 0.105 0.319 39.8 0.000-5- 1.0-353 0.756
9.5 10.99 57.3 11.5 32.

k

0.112 0.316 39.0 0.000—8 1.0-116 0.793
10.0 10.36 57.6 11.0 29.7 0.116 0.313 38.

k

0.003-50 1.33880 0.82k
11.0 9.178 59. B 10.2 2k. 1 0.116 3.306 37.6 3.000-81 1.03-33 0.853
12.0 8.186 63.5 9.59 22.1 C.108 0.302 37.5 0.000539 1.03059 0.850
13.0 7.385 67.9 9.13 21.0 0.0982 0.301 37.7 0.000612 1.02757 0.835
1«4.0 6.732 72.6 9.80 20.2 0.0900 0.303 38.2 0.COO68S 1.02511 0.8 2k
15.0 6.18k 77.3 8.56 19.7 0.0932 3.305 38.8 0.000767 1.02305 0.817

16.0 5.709 92.6 9.37 19.3 0.0767 3.339 39.

k

0.000853 1.02127 0.910
17.0 5.303 98.1 9.21 19.1 0.0709 3.313 k0.2 0.0039kk 1.01975 0.802
18.0 k.953 93.6 8.08 19. C. 0.0659 0.317 k0.9 0.0010k 1.318-k 0.795
19.0 k.6k8 99.2 7.96 19.9 0.0613 0.322 -1.7 0.0011- 1.01730 0.788
20.0 k.381 105.0 7.87 18.9 0.0573 0.327 -2.5 0.0012- 1.01630 0.782
21.0 k.lk5 111.0 7.78 19.9 -.0538 0.332 k3.k 0.00135 1.015kl 0.776
22.0 3.93k 116.0 7.71 18.8 0.0506 3.338 — .2 0.001-6 1.01-63 0.770
23.0 3.7k5 122.0 7.6k 18.9 0.0k 78 0.3-3 -5.1 0.00157 1.31392 0.766
2k. 3.575 129.0 7.58 18.8 0.0k53 0.3k9 -5.9 0.00169 1.01329 0.761
25.0 3.k20 133.0 7.53 18.8 0.0k31 3.355 -6.8 0.00181 1.01271 0.757

26.0 3.279 139.0 7.k9 18.8 O.Okll 0.360 -7.6 0.00193 1.01219 0.7 5k
28.0 3.031 150.0 7.k0 18.8 . 3 75 0.372 -9.3 0.00218 1.01126 0.7-8
30.0 2.921 161.0 7.33 18.8 0.03k6 0.383 51.0 3.0C2kk 1.010-7 0.7-3
32.0 2.639 172.0 7.27 18.8 D.0321 0.395 52.7 0.00270 1.00980 0.738
3k. 2.1.80 18k. 7.22 18.8 0.0300 O.k07 5-.

3

0.00298 1.00921 0.735
36.0 2.31.0 195.0 7.18 19.9 0.0281 o.kia 56.0 0.00327 1.00869 0.732
39.0 2.216 206.0 7.1k 18.8 0.0 265 0.k30 57.6 0.00357 1. CO 822 0.7 29
1.0.0 2.105 216.0 7. 10 18.8 0.0250 .kkl 59.2 0.00387 1.00781 0.726

1.5.0 1.872 2kk.l 7.03 18.6 0.0220 O.k70 63.1 0.00-67 1.0069- 0.721
50.0 1.687 270.0 6.98 19.7 0.0197 3.k97 66.8 0.00553 1.00626 0.717
55.0 1.536 297.0 6.93 18.7 0.0179 0.525 70.5 0.U06-- 1.30570 0.713
60.0 1.1.10 32k. 6.90 18.7 0.0163 3.552 7-.1 0.007-0 1.O0523 0.710
65.0 1.30k 350.

D

6.87 18.6 0.0151 3.578 77.5 0.008-2 1.00-83 0.707
7 0.0 1.213 377.0 6.8k 18.6 O.OlkO 0.605 80.9 0.009-8 l.Ou-50 0.70-
75.0 1.13k -03.0 6.92 19.6 0.0130 3.631 8k.

2

0.0106 1.00-20 0.701
80.0 1.06k k29.0 6.80 18.6 . 1 22 0.656 87.5 cone 1.0039- 0.6 99
90.0 0.9k85 k92.0 6.77 18.5 0.0109 0.706 93.8 0.01-2 1.00351 0.695
100.0 0.8556 53k. 6.75 18.5 0.00978 3.755 100.0 0.0169 1.00317 0.691

125.0 0.6877 66k. 6.71 18.

k

0.0078k 0.673 113.0 0.02kk 1.00255 0.673
150.0 0.5750 79k. 6.68 18.3 0.OC655 0.995 127.0 0.0329 1.00213 0.669
175.0 0.k9kl 92k. 6.66 18.3 0.00563 1.09 IkO.O 0.0k25 1.00193 0.667
200.0 0.k332 1050.0 6.65 18.2 O.00k93 1.19 153.0 0.053c 1.00160 0.666
225.0 0.3856 1180.0 6.6k 18.2 D.00k39 1.29 165.0 0.06-3 1.001-3 0.665
250.0 0.3k75 1310.0 6.63 19.2 0.00395 1.38 177.0 0.0766 1.00129 0.665
275.0 0.3162 lkkO.O 6.63 19.2 0.00360 l.k7 189.0 0.0895 1.00117 0.666
300.0 0.2901 1570.0 6.62 18.2 0.00330 1.56 200.0 0.103 1.00107 0.667
350.0 0.2k90 1830.0 6.61 18 .1 0.00283 1.73 222.0 3.13k 1.00092 0.667
<>00.0 0.2181 2090.0 6.61 18.1 0.002k8 1.89 2k3.0 0.167 1.00081 0.667

".50.0 0.19kl 2350.0 6.60 19 .1 . 22 1 2.06 26k. 0.20- 1.00072 0.667
500.0 0.17kB 2610.0 6.60 18.1 0.00199 2.21 29k. C.2-- 1.O0O65 0.667
600.0 0.1k58 313O.0 6.59 19.1 0.0016b 2.51 322.0 0.332 1.0005- 0.667
700. O.1250 3650.0 6.59 18.1 O.OUlk2 2 .80 359.0 0.-31 1.000-6 0.666
800.0 0.1095 .170.1 6.59 18.0 0.00125 3.07 395.0 0.5kl 1.000-1 0.666
90 0.0 0.09733 -6)0.0 6.59 18.0 0.00111 3.3k k29.0 0.661 1.00036 0.666
1000.0 0.08762 5210.0 6.58 18.0 0.00100 3.60 k62.0 0.791 1.03032 0.666
1100.0 0.07968 5730.0 6.58 18.0 0.000907 3.85 -9-.0 0.931 1.00029 0.666
120 0.0 0.07305 62k0.0 6.58 18.0 0.000832 k.10 525.0 1.08 1.00027 0.666
1300.0 0.067kk 6760.0 6.58 18.0 0. 000768 k.3k 556.0 1.2- 1.00025 .666

IkOO.O 0.05263 7290.0 6.58 18.0 0.000713 k.57 596.0 l.-l 1.00023 0.666
1500.0 0.058k7 7900.0 6.58 18.0 0.000666 k'.SO 616.0 1.58 1.00022 0.666

TWO-PHASE BOJNDARV
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED 8Y THE INOICATEO FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

20.0 ATHOSPHERE IS09AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K *• X .01 CC-ATH/G ATM/K J/G J/G J/G-K J/G-K M/S

2.0 0.05334 1160.0 1.45 3. 269 15.09 1.302 1.953 1.966 344.1
2.5 0.05858 1190.0 2.15 3.857 15.73 1.605 1.297 1.331 351.3
3.0 0.05898 1150.0 3.47 4.436 16.39 1.866 1.596 1.707 352.5
3.5 0.05960 1080.0 4.57 5.153 17.23 ?.14? 1.768 2.012 353.0
"..0 0.06346 iooo.o 5. 33 6. 006 18.26 ?.422 1.917 2.336 352.2
4.5 0.06155 924.0 5.74 7. 026 19.50 2.714 ?.09? 2.708 348.2
5.0 0.06288 845.0 5.88 8.254 21.00 3.020 2.291 3.111 340.8
5.1 0. 36318 830.0 5.88 8.529 21.33 3.083 2.330 3.190 339.4
5.2 0. 06348 819.0 5.89 8.816 21.68 3.147 2.347 3.2-6 338.7
5.3 0.0o378 804.0 5.88 9. 08? 2?. 01 3.209 2.327 3.?65 338.2

5.4 0. 06408 790.0 5. 87 9.349 22.33 3.270 2.332 3.311 337.0
5.5 0.06439 775.0 5.85 9.62C 22.67 3.331 2.339 3.359 335.9
5.6 0.06470 761.0 5.83 9.893 23.01 3.392 2.347 3.409 334.5
5.7 0.36503 746.0 5.ei 10.17 23.35 3.453 2.357 3.461 333.2
5.8 0.06536 732.0 5.78 10.45 23.70 3.514 2.367 3.514 331.8
5.9 0.06571 718.0 5.76 10.73 24.05 3.574 2.378 3.569 330.4
6.0 0.06606 704.0 5.73 11.02 24.41 3.635 2.390 3.6?6 328.9
6.5 0.06795 636.0 5.54 12.51 26.28 3.938 2.457 3.9?5 321.0
7.0 0.07010 574.0 5.32 14.11 28.32 4.24? 2.528 4.?50 312.6
7.5 0.07254 516.0 5. 07 15.82 30.52 4.549 2.599 4.594 304.0

8.0 0.07531 464.0 4.80 17.64 32.90 4.859 2.667 4.954 295.5
8.5 0. 07347 418.0 4.52 19.58 35.48 5.174 2.730 5.3?1 287.5
9.0 0. 06205 380.0 4.23 21.62 38.25 5.494 2.789 5.685 280.1
9.5 0.08606 349.0 3.95 23. 7E 41.21 5.816 2.843 6.028 273.7
ICO 0. 09357 325.0 3.67 25.99 44.34 6.141 2.891 6.330 268.4
11.0 0.1039 298.0 3.12 30.72 51.17 6.798 2.971 6.687 260.8
12.0 0.1123 296.0 2.68 35.37 58.12 7.409 3.018 6.734 25 8.5
13.0 0.1239 305.0 2.33 39.80 64.91 7.956 3.048 6.632 259.4
lfc.a 0.1355 320.0 2.05 43.98 71.45 8.443 3.068 6.510 26?.

1

15.0 0.1471 335.0 1.84 47.95 77.76 8.880 3.083 6.420 265.7

16.0 0.15 91 354.0 1.67 51.91 84.14 9.292 3.101 6.342 270.7
17.0 0.1710 374.0 1.53 55.79 9 0.44 9.674 3.115 6.263 276.1
18.0 0.1829 396.0 1.41 59.59 96.67 10.03 3.126 6.185 281.8
19.0 0.1948 419.0 1.31 63.34 102.8 10.36 3.134 6.11? 287.6
20.0 0.2066 442.0 1.22 67.02 108.9 10.67 3.140 6.044 293.4
21.0 0.2184 465.0 1.14 70.65 114.9 10.97 3.144 5.981 299.3
22.0 0.2330 486.0 1.07 74.24 120.9 11.24 3.148 5.924 305.1
23.0 0.2416 512.0 1.01 77.79 126.8 11.51 3.150 5.671 310.9
21.. 0.2531 536.0 0.958 81.31 132.6 11.75 3.15? 5.8?3 316.6
25.0 0.2645 559.0 0.910 84. 80 138.4 11.99 3.153 5.780 32?.

3

26.0 0.2759 583.0 0.867 88.26 144.2 12.22 3.154 5.740 327.6
26.0 0.2984 630.0 0.79? 95.10 155.6 12.64 3.155 5.67? 338.7
30.0 0.3207 676.0 0.729 101.9 166.9 13.03 3.155 5.614 349.2
32.0 0.3-28 722.0 3.676 108.6 178.0 13.39 3.154 5.566 359.4
34.0 0.3647 766.0 0.631 115.2 189.1 13.73 3.153 5.5?5 369.2
36.0 0.3865 813.0 0.591 121.8 200.1 14.04 3.15? 5.490 378.8
36.0 0.4081 858.0 0.556 128.4 211.1 14.34 3.151 5.461 388.2
40.0 0.4296 903.0 0.525 134.9 222.0 14.6? 3.150 5.435 397.3

45.0 0.48 3 1010.0 0.46? 151.1 249.0 15.25 3.147 5.384 419.0
50.0 0.5359 1120.0 0.412 167.2 275.8 15.82 3.145 5.347 439.6
55.0 0.5885 1230.0 0.372 163.2 302.5 16.33 3.143 5.319 459.1
60.0 0.64 3 8 1340.0 0.340 199.? 329.0 16.79 3.140 5.?98 477.8
65.0 0.6930 1440.0 0.312 215.1 355.5 17.21 3.139 5.281 495.7
70.0 0.7449 1550.0 0.289 230.9 361.9 17.60 3.137 5.268 513.0
75.0 0.7968 1650.0 0.269 246.7 408.? 17.97 3.136 5. ?57 529.6
80.0 0.8435 1760.0 0.252 262.5 434.4 18.31 3.134 5.248 545.6
90.0 0.9518 1960.0 0.224 294. 486.8 18.92 3.132 5.235 575.6
100.0 1.055 217C.0 0.201 325.4 539.1 19.47 3.130 5.2?5 605.9

125.0 1.312 2690.0 0. 160 403.7 669.6 20.64 3.127 5.?11 673.4
150.0 1.568 32 0.0 0.133 481.9 799.8 21.59 3.125 5.?04 734.6
175.0 1.825 3710.0 0.114 560.1 9?9.8 2?. 39 3.124 5.?00 791.1
200.0 2.081 4220.0 0.100 638.1 106 0.0 23.08 3.1?3 5.198 843.9
225.0 2.337 4740.0 0.0888 716.1 1190.0 23.70 3.1?? 5.196 893.5
250.0 2.593 5250.0 0.0799 794.1 1320.0 24.24 3.122 5.195 940.5
275.0 2.849 5760.0 0. 0727 872.1 1449.0 ?4.74 3.121 5.194 985.3
300.0 3.105 6270.0 0. 0666 950.1 1579.0 25.19 3.121 5.194 1028.0
350.0 3.617 7290.0 0.0571 1106.0 1839.

D

25.99 3.120 5.193 1109.0
400.0 4.129 8320.0 0.0499 1262.0 2099.0 26.68 3.120 5.193 1184.0

450.0 4.641 9340.0 0. 0444 1418.0 2358.0 27.30 3.119 5.19? 1255.0
500.0 5.153 10400.0 0.0400 1574. ?618.0 27.84 3.119 5.192 1322.0
600.0 6.177 1240G.0 0.0333 1885.0 3137.0 28.79 3.119 5.192 1447.0
700.0 7.201 14500.0 0. 0285 2197.0 3656.0 ?9.59 3.118 5.192 1561.0
80C.0 8.225 16500.0 0.0250 2509. 4175.0 30.26 3.118 5.192 1668.0
90C.0 9.249 18500.0 0.0222 2820.0 4695.0 30.89 3.118 5.192 1769.0

1000.0 10.27 20600. 0.0200 3132.0 5214.0 31.44 3.118 5.192 1864.0
1100.0 11-30 22600.0 0.0182 3444. 5733.0 31.94 3.118 5.192 1954.0
120C.0 12.32 24700.0 3.0167 3755. 6252.0 32.39 3.118 5.192 2041.0
1300.0 13.35 26700.0 0.0154 4 067.0 6772.0 32.80 3.118 5.192 2124.0

1400.0 14. 37 28800.0 0.0143 4379.0 7291.0 33.19 3.118 5.192 2204.0
1500.0 15.40 30800.0 0. 0133 4690. 7810.0 33.55 3.118 5.193 2281.0

TWO-PHASE 80UNDARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED 9Y INDICATED FACTOR
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20.0 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM

EMPERATURE DENSITY VC0H70VI
P

VIOP/DUI -V CD

DECK c/cc
»• X 10

J/G ATH-CC/J A

2.0 17.14 269.0 4.34 199.0
2.5 17.07 125.0 9.71 203.0
3.0 16.96 95.8 12.8 194.0
3.5 16.78 79.8 15.4 181.0
«.o 16.54 72.8 16.8 166.0
4.5 16.25 70.8 16.9 150 .0

5.0 15.90 71.1 16.1 134.0
5.1 15.83 71.2 16.0 131.0
5.2 15.75 71.1 15.9 129.0
5.3 15.63 70.1 16.1 126.0

5.>* 15.61 69.5 16.1 123.0
5.5 15.53 69.1 16.1 120.0
5.6 15.45 68.7 16.1 118.0
5.7 15.38 68.

4

16.0 115.0
5.8 15.30 68.0 16.0 112.0
5.9 15.22 67.8 15.9 109.0
6.0 15.14 67.5 15.8 1C7.0
6.5 14.72 66.3 15.3 93.7
7.0 14.27 65.3 14.8 81.8
7.5 13.73 64.4 14.2 71.1

8.0 13.28 63.5 13.6 61.6
8.5 12.74 62.8 13.0 53.3
9.0 12.19 62.2 12.5 46.3
9.5 11.62 61.9 11.9 40 .5

io.o 11.04 61.9 11.5 35.9
11.0 9.907 63.3 10.6 29.6
12.0 8.907 66.2 10.0 26.3
13.0 8.071 70.2 9.46 24.6
14.0 7.379 74.7 9.08 23.6
15.0 6.797 79.3 8.79 22.7

16.0 6.287 84.4 8.57 22.2
17.0 5.847 89.5 8.40 21.9

32.0
34.0
36.0

125.
15 0.
175.

45 0.0
500.0
600.0
750.
800. D

90 0.D
1030.0
11J0.U
1200.0
1300.0

5.133
4.840
4.579
4.347
4.139
3.951
3.780

3.625

1.342
1.255
1.179

95.0
101.0
106.0
112.0
117.0
123.

u

129.0
134.0

140.0
151. 1

162.0
173.0
185.0
196.0
207.0
218.0

245.0
272.1
298.0
325.0
352.0
378.0
404.0
431.

D

7623 666.0
6376 796.0
5481 926.0
4906 1060.0
.4279 1190.0
3357 1320.
.3510 1450.

C

3221 1570.0
.2765 1830.0
2422 2090.0

.2155 2350.0

.1941 2610.0

.1519 3130.0

.1389 3650.0

.1216 4170.

.1081 4690.3

.09734 5210.0

.08851 5730.0

.03115 6250.0
D .07492 6770.0

.06958 7280.0

.05495 7800.0

8.25
8.12

VCDP/OVL <DV/DT1/V
T P

ATM 1/OEG.K

.00730

.0106

.0178

.0252

.0321

.0382

0.0476
0.0486
0.0496
0.0506
0.0516
0.0527
0.0537
0.0592
0.0651
0.0713

0.0780
0.0848
0.0914
0.097k
0.102
0.106
0.102
C.0944
0.0871
0.0810

0.0752
0.0699
0.0651
0.0608
0.0570
0.0536
0.0505
0.0473
0.0453
0.U431

0.0410
0.0375
0.0346
0.0321
0.0299
G.0281
0.0264
0.0250

0.C220
0.0197
0.0173
0. 0163
0.0150

. 1 39
u.0130
0.0122
0.0103
0. J 97

6

0.00783
0.0 65

4

0.00562
0. J 49

2

0.00438
J. 00395
C. 00359
0.00330
0.00283
0.00248

3.00221
0.00199
0.00166
0.00142
0.00125
0.00111
u. 00100
0.000907
0.000831
0.000768

THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIWITY

MH/CM-K G/CH-S SO-CM/S
•» X 1000000

20 .4
20.3
20.3

20.1
20 .1

0.145
0.206
0.229
0.246
0.263
3.279
0.294
0.296
0.299
0.301

0.304
0.306
0.308
0.310
0.312
0.314
0.316
0.324

0.3 34
0.334
0.333
0.330
0.328
0.321
0.316
0.314

0.319
0.322
0.326
0.330
0.335
0.340
0.345
0.350
0.355
0.361

0.366
0.378
0.389
0.400

.501

.523

.555

.581

.613

.633

.659

.709

78.3

54.1
53.5
53.0
52.4
51.9
51.4
49.1
47.1

39.2
38.8
38.9

140.0
153.0
165.0
177.0
189.0
200.0
222.0
243.0

284.
322.
359.
395.

525.0
556.0

586.0
616.0

.000429 1 06469
c .000907 1 06443
.000791 1 06398
.003730 1 C5330
.000682 1 06239
.000635 1 06126
000594 1 05994
000587 1 05965
.000584 1 05936
.000588 1 05908

000587 1 05880
000586 1 05851

c 000585 1 05822
.000583 1 05792
.000581 1 05762
000578 1 05732
.000576 1 05701
000561 1 05539
000543 1 05367

D 000525 1 05183

000508 1 04989
.000493 1 04786
000480 1 04574
.000472 1 04357
000469 1 04138
.000485 1 03709
000527 1 03331
000 587 1 03015
000655 1 02754
000725 1 02536

.000800 1 02344

.0 0088 1 02179
000964 1 02036
.00105 1 01911
.00115 1 01801
00124 1 01704
00134 1 01617
0C144 1 01539

g 00154 1 01469
G 00165 1 01405

00176 1 01347
00199 1 01245

11 00222 1 01158
00246 1 31084

1} 00272 1 oioia
00298 1 o;96i
00324 1 00910
00352 1 u j864

00425 1 C3768
CC5L2 1 3692
00584 1 J 6 3

00671 1 0j579
00763 1 00535
00859 1 03498
00960 1 03465
0107 1 03437
0129 1 00389
0153 1 03351

0220 1 03282
0297 1 00236
38 3 1 00203

0478 1 03178
058C 1 00158
0690 1 00143
0807 1 00130
0931 1 3119

G 120 1 03102
151 1 00090

184 1 03080
220 1 00072
299 1 00060
388 1 00051
487 1 00045
595 1 O0340
712 1 00036
838 1 00033

3 972 1 0u030
1 11 1 CO028

1 27 1 00026
1 42 1 00024

1.06
0.514
0.566
0.580
0.5 86
0.596
0.609
0.611
0.609
0.600

0.597
0.594
0.593
0.591
0.590
0.590
0.590
0.59S
0.608
0.627

0.652
0.681
0.713
0.745
0.776
0.816
0.827
0.821
0.812
0.807

0.8C3
0.798
0.792
0.787
0.7 81
0.776
0.771
0.767
0.763
0.759

0.7 56
0.750
0.744
0.740
0.736
0.733
0.730
0.727

0.722
0.717

0.702
0.699
0.6 95
0.691

0.673
0.669
0.667
0.665
0.665
0.665
0.666
0.667
0.667
0.667

0.667
0.667
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666

0.666
0.666

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUM HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES CF HELIUM it

25.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.0 0.05696 1260.0 2.50 3.559 17.99 1.289 1.587 1.619 36 0.2
2.5 0.05721 1310.0 2.25 4.051 18.54 1.559 1.226 1.258 369.7
3.0 0.05756 1290.0 3.50 4.575 19.16 1.807 1.521 1.617 372.6
3.5 0.05809 1230.0 4.68 5.227 19.94 . 2.0 65 1.690 1.902 375.1
4.0 0.05882 1160.0 5.51 6.007 20.91 2.330 1.847 2.212 375.9
"..5 0.05973 1090.0 5.98 6.949 22.08 2.605 2.0 34 2.568 373.1
5.0 0.06083 1010.0 6.16 8. 093 23.50 2.895 2.243 2.948 366.9
5.1 0.06107 1000.0 6. 16 8. 350 23.82 2.955 2.283 3.021 365.6
5.2 0.06132 986.0 6.19 8.619 24.15 3.015 2.302 3.073 365.2
5.3 0.06156 972.0 6.19 8.866 24.46 3.073 2.283 3.087 364.9

5.4 0.06181 958.0 6.19 9.115 24.77 3.131 2.290 3.127 364.0
5.5 0. 06206 943.0 6.18 9.365 25.09 3.189 2.299 3.169 363.0
5.6 0.06231 929.0 6.17 9.619 25.40 3.246 2.308 3.212 361.9
5.7 0.06257 915.0 6.16 9.875 25.73 3.304 2.319 3.257 360.8
5.8 0.0628". 901.0 6.15 10.13 26.05 3.361 2.330 3.303 359.6
5.9 0.06311 887.0 6.13 10.40 26.38 3.418 2.342 3.351 358.4
6.0 0.06339 873.0 6.11 10.66 26.72 3.475 2.355 3.399 357.2
6.5 0.06488 805.0 5.97 12. 04 28.47 3.757 2.425 3.653 350.4
7.0 0.06652 740.0 5.79 13.50 30.35 4.039 2.498 3.921 343.1
7.5 0.06835 680.0 5.59 15.05 32.37 4. 320 2.570 4.200 335.6

e.o 0.07038 625.0 5.36 16.70 34.53 4.602 2.637 4.485 328.1
8.5 0.0726". 571.. 5.12 18.44 36.84 4.885 2.700 4.775 320.8
9.0 0.07513 529.0 4.87 20.26 39.30 5.170 2.757 5.065 313.8
9.5 0.07789 1.9 0.0 4.62 22.18 41.91 5.455 2.809 5.350 307.4

10.0 0.08092 1.56.0 4.36 24.17 44.66 5.741 2.856 5.623 301.6
11.0 0.08795 •(05.0 3.84 28.52 50.80 6.332 2.939 6.074 291.1
12.0 0.09591 379.0 3.36 32.97 57.27 6.901 2.992 6.329 284.9
13.0 0.10"(5 372.0 2.96 37.37 63.83 7.431 3.027 6.405 282.3
14.0 0.1132 376.0 2.62 41.62 70.30 7.915 3.052 6.379 282.3
15.0 0.1221 386.0 2.35 45.69 76.62 8.353 3.070 6.323 283.8

16.0 0.1312 1(00.0 2.14 49.68 82.93 8.760 3.091 6.291 287.1
17.0 0.11(05 416.0 1.96 53.60 89.20 9.140 3.107 6.247 291.1
16.0 0.1498 1.31.. 1.81 57.46 95.42 9.496 3.120 6.197 295.5
19.0 0.1592 1.51.. 1.67 61.27 101.6 9.829 3.130 6.143 300.3
20.0 0.1685 1(74.0 1.56 65.02 107.7 10.14 3.138 6.C90 305.3
21.0 0.1779 496.0 1.46 68.72 113.8 10.44 3.144 6.037 310.5
22.0 0.1872 518.0 1. 37 72.37 119.8 10.72 3.149 5.987 315.7
23.0 0.1964 540.0 1.29 75.99 125.7 10.98 3.153 5.939 321.0
2<i.O 0.2056 562.0 1.22 79.57 131.7 11.24 3.155 5.894 326.3
25.0 0.211(8 585.0 1.16 83.12 137.5 11.48 3.157 5.852 331.5

26.0 0.221(0 608.0 1.11 86.63 143.4 11.70 3.159 5.812 336.7
28.0 0.21(21 654.0 1.01 93.59 154.9 12.13 3.161 5.742 347.0
30.0 . 26 1 700.0 0.927 100.5 166.3 12.53 3.161 5.681 357.1
32.0 0.2779 746.0 0.856 107.3 17 7.6 12.89 3.161 5.629 367.0
31.. 0.2956 792.0 0.799 114.0 188.9 13.23 3.160 5.584 376.6
36.0 0.3131 838.0 0.747 120.7 200.0 13.55 3.159 5.545 385.9
36.0 0.3306 883.0 0.703 127.3 211.0. 13.85 3.158 5.512 395.0
1.0.0 0.31.79 928.0 0.663 133.9 222.0 14.13 3.157 5.482 403.9

l>5.0 0.3909 1040.0 0.581 150.3 249.3 14.77 3.154 5.423 425.3
50.0 0.1(335 1150.0 0.518 166.5 276.3 15.34 3.151 5.380 445.6
55.0 0.1.758 1260.0 0.468 182.6 303.1 15.85 3.149 5.347 464.9
60.0 0.5179 1360.0 0.426 198.6 329.8 16.32 3.146 5.321 483.3
65.0 0.5597 1470.0 0. 392 214.5 356.3 16.74 3.144 5.301 501.1
70.0 0.6011. 1580.0 0.36? 230.4 382.8 17.13 3.142 5.285 518.1
75.0 0.61(30 1680.0 0.338 246. 3 409.2 17.50 3.140 5.272 534.6
80.0 0.681.5 1790.0 0.316 262.1 435.5 17.84 3.139 5.261 550.6
90.0 0.76 7 3 1990.0 0.280 293.7 488.0 18.46 3.136 5.245 581.2
100.0 0.81.98 22 0.0 0.251 325.2 540.4 19.01 3.134 5.233 610.2

125.0 1.056 2720.0 0.200 403.6 671.0 20.17 3.130 5.216 677.2
150.0 1.261 3230.0 0.167 481.9 801.3 21.12 3.128 5.207 738.1
175.0 1.1.66 3740.0 0.143 560. 1 931.4 21.93 3.126 5.202 794.3
200.0 1.671 4250.0 0.125 638.2 1061.0 22.62 3.125 5.199 846.8
225.0 1.87 6 4770.0 0.111 716.2 1191.0 23.23 3.124 5.197 896.2
25 0.0 2.080 5280.0 0.100 794.3 1321.0 23.78 3.123 5.195 943.1
275.0 2.285 5790.0 0. 0908 872.3 1451.0 24.28 3.122 5.194 987.7
300.0 2.1(90 6300. 0.0832 950.3 1581.0 24.73 3.122 5.194 1030.0
350.0 2.899 7320.0 0. 0713 1106.0 1841.0 25.53 3.121 5.193 1111.0
1.00.0 3.309 8340.0 0.0624 1262. 2100. C 26.22 3.121 5.193 1186.0

1.5 0.0 3.718 9370.0 0.0555 1418.0 2360.0 26.83 3.120 5. 192 1257.0
500.0 I.. 128 10400.0 0.0499 1574. 2619.0 27.36 3.120 5.192 1323.0
600.0 i(.9i(7 12400.0 0.0416 18 86.0 3139.0 28.33 3.119 5.192 1448.0
700.0 5.766 14500.0 0.0357 2197.0 3658.0 29.13 3.119 5.192 1563.0
800.0 6.585 16500.0 0.0312 2509.0 4177.0 29.82 3.119 5. 192 1669.0
900.0 7.1.01. 18600.0 0. 0276 2821. 4696.0 30.43 3.119 5.192 1770.0

1000.0 8.22i( 20600.0 0.0250 3132.0 5215.0 30.98 3.119 5.192 1865.0
1100.0 9.01(3 227 0.0 0.0227 3444.0 5735.0 31.47 3.116 5.192 1955.0
1200.0 9.86 2 24700.0 0. 0208 3756.0 6254.0 31.93 3.118 5.192 2042.0
130 0.0 10.66 26800.0 0.0192 4067.0 6773.0 32.34 3.118 5.192 2125.0

11(00.0 11.50 28800.0 0.0178 4379.0 7292.0 32.73 3.118 5.192 2204.0
1500.0 12.32 30900.0 0.0167 4691.0 7812.0 33.08 3.118 5.192 2281.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERNOPHYSICAL PROPERTIES OF HELIUM 4

25.0 ATMOSPHERE ISOBAR

TEMPERATURE OEMSITY VIDH7DVI VIDP/OUI -V (DP/OVI T (DV/DD/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTI
P v P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

DECK GYCC• K 10
J/G ATM-CC/J ATM 1/DEG.K MH/CM-K G/CH-S

X 1000003
SQ-CM/S

2.0 17.55 143.0 9.97 220.0 0.0113 0.147 91.2 3.00G519 1.06633 1.0C
2.5 17.48 126.0 10.5 230.0 0.00981 0.214 91.2 0.000971 1.06599 0.537
3.0 17.37 103.0 13.3 224.0 0.015 6 0.238 86.1 ... 000846 1.06559 0.566
3.5 17.21 96.4 16.1 212 .0 0.0220 0.256 79.9 3.000782 1.06498 0.594
4.0 17.00 79.5 17.5 199.0 0.0278 0.274 73.9 0.003 729 1.C6416 0.597
"..5 16.74 79.3 17.5 192.0 0.0 32 8 0.2 92 68.6 0.000678 1.06316 3.604
5.0 16.44 79.5 16.7 166.0 0.U371 J.3C7 63.9 J. 000634 1.C6230 0.613
5.1 16.37 79.9 16.5 163.0 0.0 37 8 0.310 63.3 0.0 00627 1.06175 0.614
5.2 16.31 79.9 16.5 161.0 . 38 5 0.313 62.2 0.00:625 1.06149 0.610
5.3 16.24 79.7 16.7 159.0 0.0392 0.316 61.4 0.00063C 1.06125 0.6CO

5.1* 16.19 78.3 16.7 155.0 0.0 40 .319 60.7 0.00063: 1.06103 0.5 96
5.5 16.11 77.9 16.7 152.0 0.0 40 7 0.321 60.0 0.000629 1.C6075 0.592
5.6 16.05 77.6 16.7 149.0 0.0414 0.324 59.3 0.000628 1.06050 0.5 69
5.7 15.99 77.3 16.6 146.0 0.0421 0.326 58.7 0.000627 1.06024 0.596
5.9 15.91 77.0 16.6 143.0 0.0429 0.329 58.1 0. 000625 1.35998 0.583
5.9 15.84 76.8 16.5 140 .0 0.0436 0.331 57.5 0.000 624 1.05972 0.592
6.0 15.79 76.5 16.4 138.0 0.0444 0.333 56.9 0.000622 1.C5945 0.590
6.5 15.41 75.9 16.0 124.0 0.C481 0.343 54.2 0.00 060 9 1.05806 0.578
7.0 15.03 75.3 15.4 111.0 0.0 52 0.351 52.0 0.000595 1.05660 0.582
7.5 14.63 74.8 14.9 100.0 0.0 561 0.356 50.1 0.003579 1.05506 0.591

9.0 14.21 74.3 14.3 89.9 0.0 60 4 0.360 48.5 3.000664 1.05345 0.605
a.

5

13.77 73.7 13.8 79.1 0.0 64 8 0.362 47.1 0.000550 1.05176 0.622
9.0 13.31 73.2 13.3 70.4 0.0692 0.362 46.0 3.C00537 1.05002 0.643
9.5 12.64 72.9 12.8 62.9 0.0734 0.362 45.0 3.000527 1.04822 0.665

10.0 12.36 72.7 12.4 56.3 0.0774 0.360 44.2 0.000518 1.34639 0.689
11.0 11.37 72.9 11.5 46.0 0.0834 0.355 42.9 0.000515 1.04264 0.733
12.0 10.43 74.4 10.9 39.5 0.0 851 0.35U 42.2 0.OOC531 1.03905 0.762
13.0 9.574 77.1 10.2 35.6 0.0830 0.347 41.9 0.003565 1.03582 0.774
14.0 8.931 80.8 9.74 33.2 0.0789 0.345 42.0 0.000612 1.33302 0.777
15.0 9.191 94.9 9.36 31 .6 0. 0?44 0.345 42.3 0.000665 1.33063 0.776

16.0 7.619 99.5 9.09 30.5 0.0 70 3 0.345 42.7 0.000720 1.02845 0.778
17.0 7.117 94.4 8.86 29.6 0.0662 0.347 43.2 3.000783 1.02656 0.779
19.0 6.674 99.4 8.67 29.0 0.3 62 3 0.349 43.8 J. 000844 1.02489 0.778
19.0 6.292 105.0 9.51 28.5 0.0587 0.352 44.5 J.0U0512 1.02342 0.776
20.0 5.934 110.0 8.37 28.1 . 55 4 0.355 45.2 0.O0C983 1.02211 0.774
21.0 5.623 115.0 8.26 27.9 0.0 52 4 3.359 45.9 0.001C6 1.02095 0.771
22.0 5.343 121.0 8.15 27.7 0.0 49 6 3.363 46.6 0.00114 1.01990 0.768
23.0 5.091 126.0 9.06 27.5 0.0471 0.368 47.4 0.00122 1.01895 0.765
24.0 4.863 132.0 7.96 27.4 0.0447 3.372 48.1 0.00130 1.01810 0.762
25.0 4.655 137.0 7.90 27.2 0.0 42 6 3.377 48.9 0.00138 1.01732 0.759

26.0 4.465 143.0 7.84 27.2 0.0407 0.382 49.7 0.00147 1.01661 0.757
29.0 4.131 154.0 7.72 27.0 0.0373 0.392 51.3 0.00165 1.31536 C.751
30.0 3.845 165.0 7.62 26.9 0.0 34 4 0.4G2 52.9 0.00184 1.01430 0.747
32.0 3.599 176.0 7.54 26.9 0.0 319 0.413 54.5 0.00204 1.01338 0.743
3<t-0 3.393 197.0 7.47 26.8 0.0 29 8 0.424 56.0 0.00224 1.01257 0.739
36.0 3.194 199.0 7.41 26.7 0.0 27 9 0.434 57.6 0.00245 1.01186 0.735
39.0 3.025 209.0 7.35 26.7 0.0 26 3 0.445 59.1 0.OC267 1.01124 0.732
40.0 2.874 220.0 7.31 26.7 0.0249 0.456 60.7 0.0 0269 1.01067 0.730

45.0 2.559 249.0 7.21 26.6 0.0219 0.483 64.5 0.00348 1.30950 0.7 24
50.0 2.307 275.0 7.13 26.5 0.019 6 0.510 68.1 0.00411 1.33856 0.719
55.0 2.102 302.0 7.07 26.4 0.0177 0.536 71.7 0.0 3477 1.C0780 0.715
bO.O 1.931 329.0 7.02 26.3 0.0162 3.563 75.2 0.00548 1.03716 0.711
65.0 1.787 355.0 6.99 26.3 0.014 9 0.589 78.6 0.00622 1.03663 C.708
70.0 1.663 392.0 6.94 26.2 0.0138 3.615 82.0 3.U0710 1.00617 0.705
75.0 1.555 409.0 6.91 26.1 0.U129 0.640 95.3 0.00781 1.03577 0.7C2
SO.O 1.461 434.0 6.99 26.1 0.0121 0.665 88.5 0.00866 1.00542 0.703
90.0 1.303 497.0 6.95 26.0 0.0108 0.715 94.7 0.0105 1.00483 0.695
100.0 1.177 539.0 6.91 25.9 0.00970 0.763 131.0 0.0124 1.03436 0.691

125.0 0.9474 670.0 6.76 25.7 0.00779 0.880 114.0 0.0178 1.30351 0.673
150.0 0.7932 900.0 6.72 25.6 0.00651 0.991 127.0 0.0241 1.03294 0.669
175.0 0.6922 930.0 6.70 25.5 0.00559 1.10 141.0 0.0309 1.00253 0.667
200.0 0.5986 1060.0 6.66 25.5 0.00493 1.20 153.0 0.0385 1.33222 0.665
225.0 0.5332 1190.0 6.66 25.4 .00437 1.29 165.0 D.0467 1.00197 0.664
250.0 0.4807 1320.0 6.65 25.4 0.00394 1.39 177.0 0.0555 1.30178 0.664
275.0 0.4376 1450.0 6.64 25.3 0.00358 1.47 199.0 0.0649 1.30162 0.665
30 0.0 0.4016 1590.0 6.64 25.3 C.0U329 1.56 200.0 0.0746 1.00149 0.667
35 0.0 0.3449 1840.0 6.63 25.3 0.00282 1.73 222.0 0.0 96 7 1.03128 0.667
1)00.0 0.3022 2100.0 6.62 25.2 0.00248 1.90 244.0 0.121 1.00112 0.666

450.0 0.2699 2360.0 6.61 25 .2 0.00220 2.06 264.0 C.147 1.03100 0.666
500.0 0.2423 2620.0 6.61 25.2 C. 00198 2.21 284.0 0.176 1.03090 0.666
600.0 0.2022 3140. 6.60 25.1 0.00166 2.51 323.0 0.240 1.G3075 0.666
700.0 0.1734 3650.0 6.59 25.1 0.00142 2.80 359.0 0.311 1.00064 0.666
900.0 0.1519 4170.0 6.59 25.1 0.00124 3.08 395.0 0.390 1.03056 0.666
90 0.0 0.1351 4690.0 6.59 25.1 0.00111 3.34 429.0 0.477 1.00350 0.666
1000.0 0.1216 5210.0 6.59 25.1 0.C01O0 3.60 462.0 0.570 1.03045 0.666
1100.0 0.1106 5730.0 6.59 25.1 0.000906 3.85 494.0 0.671 1.00041 0.666
120 0.0 0.1014 6250.0 6.58 25.1 0.000831 4.10 525.0 0.778 1.33038 0.666
1300.0 0.09362 6770.0 6.58 25.1 G. 000767 4.34 556.0 0.892 1.33035 0.666

149 0.0 0.09695 7290.0 6.58 25.0 0.000712 4.57 586.0 1.01 1.33032 0.666
150 0.0 0.08116 7810.0 6.59 25.0 0.000665 4.8C 616.0 1.14 1.33:30 0.666

TMO-PHASE BOJNOAO
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 1.

30.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K •» X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.0 0.05572 1320.0 4.01 3.849 20.79 1.262 1.373 1.45 376.3
2.5 0.05603 1430.0 2.52 4.276 21.31 1.516 1.181 1.216 365.8
3.0 0.05635 1420.0 3.61 4.753 21.88 1.754 1.454 1.542 390.9
3.5 0.05682 1380.0 4.80 5. 348 22.62 1.999 1.618 1.810 394.9
"4.0 0.05745 1310.0 5.67 6. 067 23.53 2.250 1.784 2.112 396.8
4.5 0.05825 1240.0 6.18 6.947 24.65 2.513 1.982 2.458 394.9
5.0 0.05919 1170.0 6.40 8.026 26.02 2.791 2.201 2.625 369.5
5.1 0.05939 1150.0 6.43 8.269 26.32 2.847 2.243 2.896 388.5
5.2 0.05961 1140.0 6.45 8.524 26.64 2.905 2.264 2.945 388.1
5.3 0.05981 1130.0 6.46 8.757 26.94 2.961 2.246 2.955 388.0

5.4 0.06002 1120.0 6.46 8.991 27.23 3.016 2.255 2.992 387.2
5.5 0.06 23 1100.0 6.46 9.228 27.54 3.071 2.264 3.030 366.4
5.6 0.06044 1090.0 6.46 9.466 27.84 3.126 2.275 3.070 385.5
5.7 0.06066 1070.0 6.45 9.708 28.15 3.181 2.287 3.111 364.5
5.8 0.06088 1060.0 6.44 9.95 28.46 3.236 2.299 3.153 3B3.5
5.9 0.06111 1040.0 6.43 10. 2C 28.77 3.290 2.313 3.196 382.4
6.0 0.06134 1030.0 6.41 10.45 29.09 3.344 2.327 3.239 361.3
6.5 0.06257 963.0 6.31 11.74 30.76 3.613 2.400 3.467 375.4
7.0 0.06392 898.0 6.17 13.11 32.54 3.879 2.476 3.704 36 8.9
7.5 0.06539 836.0 6.00 14.56 34.43 4.144 2.549 3.946 362.1

8.0 0.06700 779.0 5.80 16. 09 36.45 4.406 2.616 4.191 355.4
8.5 0.06875 725.0 5.59 17.70 38.60 4.672 2.680 4.438 348.7
9.0 0.07067 676.0 5.37 19.38 40.87 4.934 2.738 4.683 342.2
9.5 0.07275 631.0 5.14 21.15 43.26 5.197 2.789 4.925 336.1

1O.0 0.07502 592.0 4.91 22.98 45.78 5.459 2.836 5.161 330.4
11.0 0.08021 525.0 4.42 27.04 51.42 6.003 2.920 5.592 319.1
12.0 0.08612 480.0 3.95 31.27 57.45 6.534 2.977 5.913 310.8
13.0 0.09261 456.0 3.53 35.54 63.69 7.038 3.015 6.100 305.7
14.0 0.09945 448.0 3.16 39.76 69.99 7.510 3.042 6.172 303.3
15.0 0.1065 449.0 2.85 43.88 76.24 7.944 3.062 6.173 302.9

16.0 0.1137 456.0 2.60 47.85 62.42 8.342 3.083 6.186 304.5
17.0 0.1212 467.0 2.38 51.77 88.61 6.717 3.101 6.177 307.1
18.0 0.1287 481.0 2.20 55.65 94.77 9.070 3.115 6.155 310.3
19.0 0.1363 497.0 2.04 59.48 100.9 9.402 3.127 6.123 314.1
20.0 0.1440 515.0 1.90 63.26 107.0 9.715 3.136 6.088 318.2
21.0 0.1516 534.0 1.78 67.0 113.1 10.01 3.144 6.049 322.6
22.0 0.1593 554.0 1.67 70.70 119.1 10.29 3.149 6.009 327.2
23.0 0.1670 574.0 1.58 74.36 125.1 10.56 3.154 5.970 331.9
24.0 0.1746 596.0 1.49 77.98 131.1 10.81 3.158 5.931 336.6
25.0 0.1822 617.0 1.42 81.57 137.0 11.05 3.160 5.894 341.5

26.0 0.1898 639.0 1.35 85.14 142.8 11.28 3.162 5.858 346.3
28.0 0.2050 684.0 1.23 92. 18 154.5 11.71 3.165 5.791 355.9
30.0 0.2200 729.0 1.13 99. 13 166.0 12.11 3.166 5.731 365.5
32.0 0.2349 774.0 1.04 106. 177.4 12.46 3.167 5.678 374.9
34.0 0.2497 819.0 0.969 112. 8 188.7 12.82 3.166 5.632 384.2
36.0 0.2645 864.0 0.906 119.6 199.9 13.14 3.166 5.591 393.3
38.0 0.2791 909.0 0.851 126.3 211.1 13.44 3.165 5.555 402.1
40.0 0.29 36 954.0 0.803 132.9 222.2 13.73 3.164 5.523 410.8

45.0 0.3297 1070.0 0.703 149.4 249.6 14.38 3.160 S.458 431.8
50.0 0.3654 1180.0 0.626 165.7 276.8 14.95 3.157 5.410 451.7
55.0 0.4008 1280.0 0.564 181.9 303.7 15.46 3.154 5.372 470.7
60.0 0.43 59 1390.0 0.514 198.0 330.5 15.93 3.152 5.343 488.9
65.0 0.4709 1500.0 0.472 214.0 35 7.2 16.35 3.149 5.320 506.4
70.0 0.5058 1600.0 0.437 230.0 383.7 16.75 3.147 5.301 523.3
75.0 0.5405 1710.0 0.406 245.9 410.2 17.11 3.145 5.286 539.7
80.0 0.5752 1820.0 0.380 261. 8 436.6 17.45 3.143 5.274 555.5
90.0 0.6442 2020. 0.336 293.4 489.2 18.07 3.140 5.255 565.8
100.0 0.7131 2230.0 0. 302 324.9 541.7 18.63 3.138 5.241 614.6

125.0 0.8647 2750.0 0.241 403.5 672.4 19.79 3.133 5.221 681.1
150.0 1.056 3260.0 0.200 481.9 802.8 20.74 3.130 5.210 741.6
175.0 1.227 3770.0 0.171 560. 1 933.0 21.55 3.128 5.204 797.5
200.0 1.397 4290.0 0.150 638.3 1063.0 22.24 3.127 5.200 649.7
225.0 1.568 4800.0 0.133 716.3 1193.0 22.85 3.125 5.197 898.9
250.0 1.739 5310.0 0.120 794.4 1323.0 23.40 3.125 5.196 945.6
275.0 1.909 5620.0 0.109 872.4 1453.0 23.90 3.124 5.195 990.1
300.0 2.080 6330.0 0.100 950.4 1583.0 24.35 3.123 5.194 1033.0
350.0 2.421 7350.0 0. 0856 1106. 1842.0 25.15 3.122 5.193 1113.0
400.0 2.762 8370.0 0.0749 1262.0 2102.0 25.84 3.122 5.192 1166.0

45 0.0 3.103 9390.0 0. 0666 1418.0 2362.0 26.45 3.121 5.192 1258.0
500.0 3.444 1 0400.0 0.0599 1574.0 2621.0 27.00 3.121 5.192 1325.0
600.0 4.127 12500.0 0.0499 1886.0 3140.0 27.95 3.120 5.192 1449.0
700.0 4.809 1450 0.0 0.0428 2198. 3659.0 26.75 3.120 5.192 1564.0
800.0 5.492 16500.0 0.0375 2509.0 4179.0 29.44 3.120 5.192 1670.0
90 0.0 6. 17-. 18600.0 0.0333 2821.0 4698.0 30.05 3.119 5.192 1771.0

1000.0 6.857 20600.0 0.0300 3133.0 5217.0 30.60 3.119 5.192 1866.0
1100.0 7.54 22700.0 0. 0272 3444. 5736.0 31.09 3.119 5.192 1956.0
1200.0 8.222 24700.0 0.0250 3756. 6255.0 31.55 3.119 5.192 2042.0
1300.0 8.905 26800.0 0. 0231 4068. 6775.0 31.96 3.119 5.192 2125.0

1400.0 9.588 28800.0 0.0214 4379. 7294.0 32.35 3.119 5.192 2205.0
1500.0 10.27 30900.0 0.0200 4691.0 7813.0 32.71 3.118 5.192 2262.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUM HAVE BEEN MULTIPLIEC BY THE INDICATED FACTOR
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THERMOPHYSICAL PROPERTIES OF HELIUM 4
30.0 ATMOSPHERE ISOBAR

TEMPERATURE OEHSITT VCOH/DV) VIOP/OU) -V (DP/OV )_ (DV/OT> /V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTI
P P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DECK G/CC
••X 10

J/G ATM-CC/J ATM 1/OEG.K MH/CH-K G/CM-S
K 1C00003

SQ-CM/S

2.0 17.95 95.9 16.3 238.0 0.016 9 0.150 105.0 0.000576 1.06780 1.02
2.5 17.85 123.0 11.9 255.0 0.00988 0.221 1C4.3 0.00102 1.06742 0.571
3.0 17.75 108.0 14.0 2 52.0 0.0143 0.246 96.8 0.030898 1.06733 0.607
3.5 17.60 91.3 16.9 242.0 . 19 8 0.265 89.2 0.000832 1.06646 C.609
<».o 17.40 85.1 18.3 228.0 0.0248 0.284 82.3 0.003773 1.C6571 0.610
4.5 17.17 84.7 18.2 213.0 0.0 29 0.303 75.7 0.003717 1.36483 0.615
5.0 16.90 87.0 17.2 197.0 0.0 32 5 0.323 70.3 3.000670 1.36375 0.621
5.1 16.84 87.5 17.0 194.0 0.0 331 0.323 69.3 0. 003662 1.36353 0.621
5.2 16.78 87.6 17.0 192.0 0.0 33 6 0.326 68.3 0.000660 1.36333 0.617
5.3 16.72 86.4 17.2 189.0 0.0 34 2 0.329 67.5 0.000666 1.06308 0.606

5.1. 16.66 86.

1

17.2 186.0 0.0348 0.332 66.6 0.000666 1.05286 0.600
5.5 16.60 85.8 17.2 163.0 0.0353 3.335 65.8 0.000666 1.06263 0.596
5.6 16.54 85.5 17.2 180.0 0.0 35 9 3.338 65.1 0.00C665 1.06240 0.591
5.7 16 .49 85.3 17.1 177.0 0.0365 3.341 64.3 3.000664 1.36217 0.587
5.

a

16.42 85.1 17.1 174.0 0.0370 0.343 63.6 0.000663 1.06194 0.584
5.9 16.36 85.3 17.0 171.

C

. 37 6 3.346 62.9 0.003662 1.06171 0.581
6.0 16.30 84.9 16.9 168.0 . 38 2 3.348 62.3 0.300660 1.06147 0.579
6.5 15.98 S4.5 16.5 154.0 0.0410 3.360 59.3 3.000649 1.06324 0.571
7.0 15.65 84.4 15.9 140.0 0.3439 0.369 56.7 0.000637 1.C5895 0.570
7.5 15.29 64.2 15.4 128.0 0.0469 0.376 54.6 0.003623 1.35760 0.573

8.0 14.93 83.9 14.9 116.0 0.0 49 9 0.381 52.8 3.003609 1.05620 0.580
8.5 14.55 83.7 14.3 105.0 0.0 53 3 3.385 51.2 0.003596 1.35474 0.591
9.0 14.15 83.4 13.9 95.6 0.G562 3.387 49.9 0.000584 1.05323 0.604
9.5 13.74 83.1 13.4 86.8 0.0593 3.388 48.8 0.000573 1.05168 0.620

10.0 13.33 82.9 13.0 78.9 0.0623 3.388 47.8 3.000564 1.35009 C.637
11.0 12.47 82.7 12.1 65.4 0.0676 J. 385 46.3 3.003552 1.04681 0.673
12.0 11.61 83.4 11.4 55.7 0.0709 8.381 45.3 3.008554 1.04355 0.704
13.0 10.89 65.1 10.8 49.2 0.0717 0.377 44.8 0.000572 1.04046 0.726
14.0 10.06 87.9 10.3 45.0 0.0 70 2 0.373 44.6 0.G00tu2 1.03765 0.737
15.0 9.393 91.4 9.90 42.2 0.0 67 5 3.372 44.7 3.000641 1.03514 0.742

16.0 8.792 95.5 9.58 40 .1 0.3648 0.371 45.0 0.OC3682 1.03287 0.750
17.0 8.252 100.0 9.32 38.6 0.0 618 0.371 45.3 3.033728 1.33083 0.755
18.0 7.769 105.0 9.09 37.4 U.0588 0.372 45.8 3.330778 1.C2901 0.758
19.0 7.336 109.0 8.90 36.5 3.3 55 9 0.374 46.4 0.030832 1.02738 0.760
20.0 6.946 114.0 8.73 35.8 0.0532 0.376 47.3 0.000689 1.02592 0.760
21.0 6.595 120.0 8.59 35.2 0.0 50 6 3.379 47.6 0.003950 1.02460 0.760
22.0 6.278 125.0 8.46 34.8 0.3 481 0.382 48.3 3.801C1 1.C2343 0.760
23.0 5.990 130.0 8.35 34.4 0.0459 0.386 49.0 0.001C8 1.02232 0.758
24.0 5.727 136.0 8.25 34.1 0.C438 0.389 49.7 0.00115 1.02134 0.757
25.0 5.486 141.0 8.17 33.9 0.0418 J. 393 50.4 0.0C122 1.32044 0.755

26.0 5.268 146.0 8.C9 33.7 0.0 40 3.398 51.2 0.00129 1.01962 0.754
28.0 4.879 157.0 7.95 33.3 0.0 36 8 J. 407 52.7 3.3 3144 1.01816 0.750
30.0 4.545 168.0 7.83 33.1 0.0340 0.416 54.2 o.ociec 1.01691 0.746
32.0 4.257 179.0 7.73 32.9 0.0316 0.426 55.7 0.00176 1.C1583 0.743
34.0 4.034 191.0 7.65 32.8 0.0296 0.436 57.2 3.00193 1.01489 0.7 39
36.0 3.781 202.0 7.57 32.7 0.0277 0.446 58.7 u. 33211 1.01406 0.736
38.0 3.583 213.0 7.51 32.6 . 26 1 0.456 63.2 0.00229 1.31332 0.734
4 0.0 3.406 224.0 7.45 32.5 0.0 24 7 0.467 61.7 0.0U248 1.31266 0.731

1.5.0 3.033 251.0 7.33 32.3 0.0217 0.493 65.4 3.00298 1.31127 0.725
50.0 2.737 278.0 7.24 32.2 0.0194 0.519 69.1 0.0035C 1.01016 0.720
55.0 2.495 305.0 7.17 32.0 0.0176 0.545 72.6 0.0C456 1.30926 3.716
60.0 2.294 332.0 7.11 31.9 0.0161 3.571 76.0 0.33466 1.03851 0.712
65.0 2.124 359.0 7.06 31.8 0.0143 3.596 79.4 3.0<i5 28 1.33788 0.758
70.0 1.977 385.0 7.02 31.7 0.0138 0.622 82.7 3.00593 1.33734 0.7C5
75.0 1.850 412.0 6.98 31.6 0.0128 3.647 86.1 3.3G662 1.03686 0.752
80.0 1.739 438.0 6.95 31.6 0.0120 0.672 89.2 3.03733 1.3J645 0.7CO
90.0 1.552 491.0 6.90 31.4 1.0107 0.721 95.4 ..55B84 1.03576 0.695
100.0 1.402 543.0 6.86 31.3 0.30964 0.769 101.

C

3.0105 1.33520 0.691

125.0 1.130 674.0 6.79 31.1 0.00774 0.885 114.0 0.015C 1.00419 0.673
150.0 0.9472 804.0 6.75 30.9 0.00646 1.00 128.0 0.0232 1.0*351 5.669
175.0 0.8153 934.0 6.72 30.8 C. 00557 1.13 141. J 3.3259 1.00332 0.666
200.0 0.7157 1060.0 6.70 30 .7 0.C0489 1.20 154.0 3.0323 1.3.265 0.665
225.0 0.6378 1190.0 6.68 30.6 0.00435 1.30 166.0 C.0391 1.33236 0.664
250.0 0.5752 1320.0 6.67 30.5 0.03392 1.39 178.0 C.0465 1.3.213 0.664
275.0 0.5238 1450.8 6.66 30 .5 0.03357 1.48 189.: 0.85»3 1.3 3 194 0.665
300.0 0.4808 1580.0 6.65 30 .4 0.00328 1.56 233.

5

0.3625 1.33178 0.666
350.0 0.4131 1840.0 6.63 30 .4 0.03262 1.73 222.0 3.0838 1.5*153 0.666
40 0.0 0.3621 2100.0 6.63 30 .3 C. 00247 1.90 244.3 «.151 1.03134 0.666

1.50.0 0.3222 2360.0 6.62 30.3 0.03220 2.06 264.0 0.123 1.05119 5.666
500.0 0.2903 2620.0 6.61 30.2 0.00196 2.22 214.0 0.147 1.03138 0.666
6D0.0 0.2423 3140.0 6.6C 30 .2 3.00165 2.52 323.3 3.203 1.33593 5.666
70 0.0 O.2079 3660.3 6.60 30 .2 0.00142 2.80 359.0 3.260 1.0u077 0.666
800.0 0.1821 4180.0 6.59 30.1 0.00124 3.08 395.3 3.325 1.03367 0.666
900.0 0.1620 4700.3 6.59 30 .1 0.00111 3.34 429.0 3.398 1.03365 0.666
100O.0 0.1458 5220.0 6.59 30 .1 C. 03135 3.60 462.

u

0.476 1.5 5354 0.666
1100.0 0.1326 5730.0 6.59 30 .1 C. 000935 3.85 494.0 0.560 1.35349 0.666
1200.0 0.1216 6250.0 6.58 30 .1 0.3l0833 4.10 525.0 3.649 1.C3345 0.666
1300.0 0.1123 6770.0 6.58 30.1 C. 000767 4.34 556.3 0.744 1.33342 0.666

1400.0 0.1343 7290.0 6.58 33.1 0.308712 4.57 586.0 0.845 1.00339 0.666
1500.0 0.09737 7610.0 6.58 30.1 0.000 665 4.80 616.0 0.95o 1.5*036 0.665

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUM HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM I.

ATMOSPHERE ISOBAR

fEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K *• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.5 0.051.97 1520.0 2.95 4.520 24.01 1.475 1.163 1.207 400.3
3.0 0.05528 151.0.0 3.80 4.959 24.56 1.706 1.396 1.483 407.3
3.5 0.05571 1510.0 4.96 5.504 25.26 1.940 1.553 1.733 412.8
4.0 0.05629 11.50.0 5.84 6.171 26.13 2.180 1.726 2.028 415.7
4.5 0.05699 1390.0 6.37 6.998 27.21 2.433 1.935 2.369 414.5
5.0 0.05782 1310.0 6.62 8.023 28.53 2.700 2.164 2.728 409.7
5.1 0.05800 1300.0 6.61. 8.256 28.82 2.755 2.207 2.797 408.7
5.2 0.05818 1290.0 6.67 8.500 29.13 2.810 2.230 2.844 408.5
5.3 0.05836 1280.0 6.68 8.722 29.42 2.864 2.214 2.853 408.5
5.1. 0.05851. 1260.0 6.69 8.91.5 29.70 2.918 2.223 2.887 407.8

5.5 0.05872 1250.0 6.69 9.170 29.99 2.971 2.234 2.923 407.1
5.6 0.05891 121.0.0 6.70 9.397 30.29 3.024 2.247 2.961 406.3
5.7 0.05910 1220.0 6. 69 9.626 30.58 3.077 2.259 2.999 405.4
5.8 0.05929 1210.0 6.69 9. 856 30.88 3.129 2.273 3.038 404.5
5.9 0.0591.9 1190.0 6.68 10.09 31.19 3.162 2.287 3.078 403.6
6.0 0.05969 1180.0 6.67 10.33 31.50 3.234 2.302 3.119 402.6
6.5 0.06071. 1110.0 6.60 11.56 33.10 3.492 2.380 3.330 397.2
7.0 0.06188 1050.0 6.1.8 12.85 34. BO 3.747 2.458 3.547 391.3
7.5 0.06311 985.0 6.33 14.23 36.61 4.001 2.533 3.766 385.2
8.0 0.061.1.5 926.0 6.17 15.67 38.53 4.252 2.603 3.986 379.0

8.5 0.06589 870.0 5.98 17.19 40.56 4.502 2.666 4.205 372.6
9.0 0.0671.5 818.0 5.79 18.78 42.70 4.750 2.724 4.421 366.9
9.5 0.06913 771.0 5.56 20.1.3 44.95 4.997 2.776 4.635 361.1
10.0 0.07091. 727.0 5.37 22.15 47.31 5.242 2.822 4.S44 355.6
11.0 0.07502 650.0 it. 91 26. 00 52.60 5.754 2.909 5.237 344.2
12.0 0.07963 591.0 1».1)6 30.03 58.27 6.253 2.967 5.564 335.1
13.0 0.081.71. 552.0 4.04 31.. 16 64.21 6.734 3.008 5.801 328.5
14.0 0.09021 530.0 3.65 38.31 70.30 7.190 3.036 5.941 324.3
15.0 0.09591 522.0 3. 31 1.2.1.2 76.43 7.615 3.058 6.001 322.1
16.0 0.1019 521.0 3.01. 1.6.31. 82.46 8.004 3.079 6.055 322.3

17.0 0.1080 527.0 2.80 50.23 88.53 8.372 3.097 6.079 323.6
18.0 O.Hi.2 536.0 2.59 54. 10 94.61 8.720 3.112 6.083 325.7
19.0 0.1206 51.8.0 2.1.0 57.93 100.7 9.049 3.124 6.073 328.5
20.0 0.1270 562.0 2.21. 61.73 106.8 9.360 3.134 6.055 331.8
21.0 0.1331. 579.0 2.10 65.48 112.8 9.655 3.143 6.031 335.4
22.0 0.1399 596.0 1.97 69.20 118.

B

9.935 3.149 6.003 339.3
23.0 0.1464 615.0 1.86 72.89 124.8 10.20 3.155 5.973 343.4
24.0 0.1529 631.. 1.76 76.55 130.8 10.45 3.159 5.943 347.6
25.0 0.1591. 651.. 1.67 80. 17 136.7 10.70 3.162 5.912 352.0
26.0 0.1659 675.0 1.59 83.77 142.6 10.93 3.165 5.881 356.4

28.0 0.1788 717.0 1.1.5 90.88 154.3 11.36 3.169 5.821 365.3
30.0 0.1917 761.0 1.33 97.90 165.9 11.76 3.171 5.766 374.3
32.0 0.201.5 805.0 1.23 104.8 177.3 12.13 3.172 5.715 383.3
31.. 0.2172 81.9.0 1.11. 111.7 188.7 12.48 3.172 5.669 392.1
36.0 0.2299 891.. 1.07 118.5 200.0 12.80 3.171 5.628 400.9
38.0 0.21.25 938.0 1.00 125.3 211.2 13.10 3.170 5.591 409.4
1.0.0 0.2550 983.0 0.91.1. 132.0 222.4 13.39 3.169 5.558 417.9

1.5.0 0.2860 1090.0 0.825 148.6 25 0.0 14.04 3.166 5.489 438.3
50.0 0.3167 1200.0 0.731. 165. 277.3 14.61 3.163 5.437 457.9
55.0 0.31.72 1310.0 0.661 181.3 304.4 15.13 3.160 5.396 476.6
60.0 0.3771. 11.20.0 0.602 197.4 331.3 15.60 3.157 5.364 494.5
65.0 0.1.075 1530.0 0.552 213.5 358.0 16.03 3.154 5.338 511.8
70.0 0.1.375 1630.0 0.511 229.5 384.7 16.42 3.152 5.317 528.5
75.0 0.1.673 171.0.0 0.1.75 245.5 411.2 16.79 3.150 5.300 544.7
80.0 0.1.971 1850.0 0.1.1.1. 261.4 437.7 17.13 3.148 5.286 560.3
90.0 0.5561. 2050.0 0.393 293.1 490.4 17.75 3.144 5.264 590.4

100.0 0.6151. 2260.0 0.352 324.7 543.0 18.30 3.141 5.249 618.9

125.0 0.7626 2780.0 0.281 403.4 67 3.9 19.47 3.136 5.225 684.9
150.0 0.9093 3290.0 0.233 481.9 804.3 20.42 3.133 5.213 745.0
175.0 1.056 3800.0 0.200 560. 1 934.5 21.23 3.130 5.205 800.6
200.0 1.202 1.320.0 0.175 6 38.3 1065.0 21.92 3.128 5.201 852.6
225.0 1.31.8 1.8 3 . 0.155 716.4 1195.0 22.53 3.127 5.198 901.6
250.0 1.1.95 531.0.0 0.11.0 794.5 132 5.0 23.08 3.126 5.196 948.1
275.0 1.61.1 5850.0 0.127 872.6 1454.0 23.58 3.125 5.195 992.4
300.0 1.787 6360.0 0.116 950.6 1584.0 24.03 3.125 5.194 1035.0
350.0 2.079 7380.0 0.100 1107.0 1844.0 24.83 3.123 5.193 1115.0
1.00.0 2.372 B1.00.0 0.0873 1263.0 2104.0 25.52 3.123 5.192 1190.0

1.50.0 2.661. 91.20.0 0.0776 1418.0 2363.0 26.13 3.122 5.192 1260.0
500.0 2.956 1 COCO 0.0699 1574. 2623.0 26.68 3.122 5.192 1327.0
600.0 3.51.1 12500.0 0.0582 1886. 3142.0 27.63 3.121 5.192 1451.0
700.0 4.126 11.50 0.0 0.0499 2198.0 3661.0 28.43 3.120 5.192 1565.0
800.0 4.711 16600.0 0. 01.37 2510. 4180.0 29.12 3.120 5.192 1672.0
900.0 5.296 18600.0 0.0388 2821.0 4699.0 29.73 3.120 5.192 1772.0

1000.0 5.381 2C700.0 0.0350 3133.0 5219.0 30.28 3.120 5.192 1867.0
1100.0 6.1.66 22700.0 0.0318 3445. 573B.0 30.78 3.119 5.192 1967.0
1200.0 7.05 1 21.800.0 0. 0291 3756. 6257.0 31.23 3.119 5.192 2043.0
1300.0 7.636 26800.0 0.0269 4068. 6776.0 31.64 3.119 5.192 2126.0

11.00.0 8.221 28800.0 0.0250 4380. 7295.0 32.03 3.119 5.192 2206.0
1500.0 6.806 30900.0 0.0233 4692. 7815.0 32.39 3.119 5.192 2283.0

THO-PHASE eOUNDARY
NUMBERS IN THIS COLUM HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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35.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY V(DH/OV>
p

VIOP/OU) -V [O

DECK G/CC
•• X 100

J/G ATM-CC/J A

2.5 18.19 113.0 14.0 277.0
3.0 18.09 109.] 15.0 279.0
3.5 17.95 94.6 17.8 271.0
4.0 17.77 89.6 19.0 258.0
4.5 17.55 90.4 18.8 243.0
5.0 17.30 93.7 17.7 227.0
5.1 17.21. 94.5 17.5 224.0
5.2 17.13 94.6 17.4 222.0
5.3 17.1* 93.5 17.6 219.0
5.1. 17.08 93.2 17.6 216.0

5.5 17.03 93.0 17.6 213.0
5.6 16.98 92.8 17.6 210.0
5.? 16.92 92.7 17.5 207.0
5.8 16.87 92.6 17.4 204.0
5.9 16.81 92.5 17.4 201.0
6.0 16.75 92.5 17.3 198.0
6.5 16.46 92.5 16.8 183.0
7.0 16.16 92.7 16.3 169.0
7.5 15.85 92.8 15.8 156.0
a.o 15.52 92.8 15.3 144.0

9.5 15.18 92.8 14.8 132.0
9.0 14.83 92.7 14.3 121.0
9.5 14. 47 92.6 13.9 111.0

10.0 14.10 92.5 13.5 103.0
11.0 13.33 92.4 12.7 86.6
12.0 12.56 92.6 12.0 74.2
13.0 11.80 93.6 11.4 65.2
14.0 11.09 95.6 10.9 58.8
15.0 10.43 98.5 10.4 54.4
16.0 9.818 102.0 10.0 51.2

17.0 9.261 106.0 9.75 48.8
18.0 8.754 110.0 9.49 46.9
19.0 8.294 115.0 9.27 45 .4

20.0 7.876 120.0 9.08 44.3
21.0 7.495 125.0 8.92 43 .4

22.0 7.149 130.0 8.77 42.6
23.0 6.832 135.0 8.64 42.0
2lt.O 6.51)1 140.0 8.53 41.5
25.0 6.275 145.0 8.43 41.0
26.0 6.029 150.0 8.33 40 .7

28.0 5.593 161.0 8.17 40.1
30.0 5.217 172.0 8.04 39.7
32.0 4.890 183.0 7.92 39.3
34.0 4.604 194.0 7.82 39.1
36.0 4.350 205.0 7.74 38.9
38.0 4.125 216.0 7.66 38.7
•0.0 3.922 227.0 7.59 38.6

1.5.0 3.496 254.0 7.46 38.2
50.0 3.157 282.0 7.35 38.0

(DV/OTI/V THERMAL VISCOSITY THERMAL
P CONDUCTIVITY OIFFUSIVITY

1/DEG.K MM/CH-K G/CM-S SQ-CH/S
•• X 1000000

55.0
60.0
65.0
70.0
75.0
80.0
90.0
100.0

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
400.0

450.0
500.0
600.0
700.0
800.0
90 0.0
1000.0
1100.0
1200.0
1300.0

309.
336.
362.

2 286 389
2 140 416
2 012 442
1 .797 495
1 625 547

1 311 678
1 .100 809

9472 939
8319 1070
.7*17 1200
.6691 1330
6095 1460
.5596 1590
4810 1850
.4217 2110

3754 2370
.3363 2620
2824 3140
.2424 3660
.2123 4180
1888 4700
.1700 5220
1547 5740
.1418 6260
.1310 6780

.1216 7290

.1136 7810 ]

7.26
7.19
7.14
7.09
7.05
7.01
6.95
6.91

6.83
6.78
6.74
6.72

37.8
37.6
37.5
37.4
37.2
37.1
36.9
36.8

35.9
35.8
35.7

6.59
6.59
6.59

0.010 7

0.0136
0.0183
0.0226

. 26 2

0.0 291
0.0 29 6

0.030}
0.0 30 5

0.0 310

0.0314
0.0 319
0.0 32 4

0.0328
0.0 33 3

0.0 33 7

CO 36

C.0383
0.0 40 6

. 42 9

. 45 3

. 47 7

0.0501
0.0 52 4

0.0 56 7

0.0601
0.0620

. 62

1

0.0 6C9
0.0593

0.0 57 3

C.0551
0.0529
0.0506
0.048 4

0.0463
0.0444

. 42 5

0.0 40 7

. 39

1

. 36

1

0.0335
. 31 2

0.0 29 2

0.0275
0.0259
0.0245

0.0216
0.019 3

0.017 5

0.0 16
0.0147
0.0137
0.0128
0.012
0.0106
0.00959

0.00770
0.00645
0.00555
0.00487
0.00434
0.00391
0.00356
0.00327
0.00281
0.00247

0.00219
0.00198
0.00165
0.00142
0.00124
0.00110
0.000995
0.000905
0.000830
0.000766

0.227
0.254
0.274
0.293
0.313
0.331
0.334
0.338
0.341
3. 3*4

.357

.360

.362

.375

.3 85

.394

.400

.400

.398

.396

.395

.395

.396

.397

.399

.401

.477

0.502
0.528
0.553
0.579
0.604
0.629
0.654
0.679
0.727
0.775

73.6
72.6

47.4
47.8
48.2

115.0
128.0
141.0
154.0
166.0
178.0
189.0
200.0
22 3.0
244.0

264.0
284.0
323.0
359.0
395.0
429.0
462.0

.00104 1 06875

.000946 1 06835

.000880 1 06781

.000614 1 06710

.O0C753 1 06626

.C0l7 u 2 1 36529

.000694 1 06509
J G00691 1 06488
.0CC698 1 06468
G3C698 1 36447

k .000698 1 06427
.00C69S 1 06406
.00C697 1 06385
00C696 1 06364
0OC695 1 06343
000693 1 06321
000684 1 06210
000672 1 06393
000660 1 5 972
000647 1 05846

.000635 1 05715

.000623 1 05581
000612 1 05443
.000603 1 05332
00C588 1 05010

9 030584 1 04715
.00C590 1 04427
000608 1 04155
000636 1 03905
00L666 1 33675

000702 1 03464
000742 1 03273
.030785 1 03099
00CS32 1 02942
00C882 1 02798
000934 1 C2666
.000989 1 02549
.001C5 1 2 439
.00111 1 02339
03117 1 02247

00129 1 02084
00143 1 01943
00157 1 01820
03172 1 01713

J 00187 1 01618
00203 1 01534
00219 1 01459

00262 1 01299
307 1 01173

00356 1 01070
00407 1 03984
00461 1 03911

518 1 3 848
577 1 00794

G 00638 1 03746
00769 1 03667

3 00909 1 03603

0130 1 03466
0174 1 03409
0224 1 00351
0278 1 00309
3 37 1 33275

0400 1 03249
0468 1 03226
5 38 1 00207

0695 1 03179
0868 1 03156

106 1 03139
126 1 00125
172 1 03105
223 1 00090
279 1 00079
341 1 03070
408 1 00063
480 1 00057
557 1 00053
638 1 0004B

724 1 00045
815 1 00042

0.622
0.633
0.627
0.625
0.629
0.633
0.633
0.628
0.615
0.6C9

0.603
0.598
0.593
0.589
0.585
0.582
0.570
C.565
0.564
0.567

0.573
0.581
0.592
0.604
0.6 32
0.660
0.684
0.700
0.710
0.721

.746

.748

.748

.748

.748

0.746
0.744
0.741
0.7 39
0.736
0.733
0.731

0.725
0.721
0.716
0.712
0.709
0.706
0.703
0.7C0
0.695
0.691

0.673
0.669
0.666
0.664
0.664
0.664
0.664
0.666
0.666
0.666

0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666

• TkO-PHASE BOUNDARY
•• NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY THE II DICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM l>

1.0.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC. K *• X .01 CC-ATH/G ATM/K J/G J/G J/G-K J/G-K M/S

2.5 0.051.01 1610.0 3.59 4.777 26.67 1.432 1.174 1.234 413.8
3.0 0.051.33 1650.0 h. 07 5. 181. 27.20 1.661 1.350 1.440 422.4
3.5 D. 05474 1630.0 5.15 5.685 27.87 1.885 1.495 1.668 429.4
•f.O 0.05526 1580.0 6.02 6.306 28.70 2.116 1.674 1.957 433.1
"..5 0.05590 1520.0 6.55 7.088 29.74 2.361 1.893 2.295 432.3
5.0 0.05661. 11.50.0 6.81 8. 069 31.02 2.620 2.131 2.649 428.0
5.1 0.05660 11. 1.0. 6.81. 8.293 31.31 2.673 2.176 2.717 427.1
5.2 0.05696 11.30.0 6.87 8.528 31.62 2.726 2.199 2.762 426.9
5.3 0.05712 11.20.0 6.68 8.71.0 31.89 2.779 2. 185 2.770 427.0
5.1. 0.05728 1410.0 6.89 8.951. 32.17 2.831 2.196 2.803 426.4

5.5 0.0571.1. 1390.0 6.90 9.169 32.45 2.883 2.208 2.838 425.7
5.6 0.05761 1380.0 6.91 9. 387 32.74 2.934 2.221 2.873 425.0
5.7 0.05778 1360.0 6.91 9.607 33.02 2.985 2.235 2.910 424.3
5.S 0.05795 1350.0 6.91 9. 829 33.31 3.036 2.250 2.947 423.4
5.9 0.05812 131.0.0 6.90 10. 05 33.61 3.087 2.265 2.985 422.6
6.0 0.05830 1320.0 6.90 10.28 33.91 3.138 2.281 3.024 421.7
6.5 0.05922 1260.0 6.81. 11.1.6 35.46 3.388 2.362 3.222 416.7
7.0 0.06021 1190.0 6.71. 12.70 37.10 3.635 2.443 3.425 411.3
7.5 0.06127 1130.0 6.62 lit. 01 38.84 3.879 2.520 3.629 405.6
8.0 0.0621.2 1070.0 6.1.8 15.39 40.69 4.120 2.590 3.831 399.9

6.5 0.06365 1010.0 6.31 16.81. 42.63 4.360 2.655 4.031 394.2
9.0 0.061.96 957.0 6.11. 18.35 44.68 4.597 2.713 4.229 368.6
9.5 0.06637 907.0 5.95 19.92 46.82 4.833 2.766 4.422 383.2

10.0 0.06787 860.0 5.76 21.56 49.07 5.067 2.813 4.612 378.0
11.0 0.07123 775.0 5.33 25.21. 54.11 5.554 2.901 4.971 366.9
12.0 0.071.99 707.0 4.90 29.11 59.51 6.030 2.961 5.285 357.5
13.0 0.07911. 656.0 4.49 33. 11 65.19 6.490 3.003 5.538 350.0
l<t.O 0.08363 622.0 It. 10 37.17 71.06 6.930 3.034 5.716 344.6
15.0 0.08836 603.0 3.75 1.1.23 77.04 7.346 3.056 5.622 341.2
16.0 0.09332 591.. 3.1.5 1.5.09 82.91 7.724 3.077 5.911 340.1

17.0 0.0981.6 593.0 3.19 1.6.91. 88.85 8.084 3.095 5.965 340.2
18.0 0.1037 597.0 2.96 52.78 94.83 6.426 3.110 5.993 341.3
19.0 0.1091 605.0 2.76 56.60 100.8 8.751 3.123 6.005 343.2
20. 0.111.6 615.0 2.5S 60.39 106.8 9.059 3.133 6.003 345.6
21.0 0.1201 628.0 2.1.2 61.. 15 112.8 9.351 3.142 5.994 348.5
22.0 0.1257 61.3.0 2.27 67.88 118.8 9.630 3.149 5.978 351.7
23.0 0.1313 660.0 2.15 71.58 124.8 9.895 3.155 5.958 355.2
24.0 0.1369 677.0 2.03 75.25 130.7 10.15 3.160 5.936 35 8.9
25.0 0.11.25 695.0 1.93 78.90 136.7 10.39 3.164 5.912 362.8
26.0 0.11.82 714.0 1.83 82.51 142.6 10.62 3.167 5.887 366.8

26.0 0.1591. 751.. 1.67 89.67 154.3 11.06 3.172 5.837 375.0
30.0 0.1706 796.0 1.53 96.71. 165.9 11.46 3.174 5.787 383.4
32.0 0.1818 838.0 1. 1.2 103.7 177.4 11.83 3.176 5.740 391.8
31.. 0.1930 882.0 1.32 110.7 188.9 12.18 3.176 5.697 400.3
36.0 0.201.1 926.0 1.23 117.5 200.2 12.50 3.176 5.657 408.7
36.0 0.2151 970.0 1. 15 121..

3

211.5 12.80 3.176 5.620 416.9
1.0.0 0.2261 1010.0 1.09 131.1 222.7 13.09 3.175 5.587 425.1

1.5.0 0.2533 1120.0 0.91.9 147. 8 25 0.5 13.75 3.172 5.516 445.0
50.0 0.2803 1230.0 0.81.3 164.3 277.9 14.32 3.169 5.461 464.1
55.0 0.3070 131.0.0 0.759 180.6 305.1 14.84 3.165 5.418 462.5
60.0 0.3336 1450.0 0.690 196.9 332.1 15.31 3.162 5.363 500.2
65.0 0.3600 1560.0 0.633 213. 358.9 15.74 3.159 5.355 517.2
70.0 0.3862 1660.0 0.585 229. 1 385.6 16.14 3.157 5.332 533.7
75.0 0.1.121. 1770.0 0.51.1. 245.1 412.3 16.51 3.154 5.313 549.7
60.0 0.1.335 1880.0 0.508 261.1 438.8 16.85 3.152 5.298 565.2
90.0 0.1.905 2090.0 0.1.50 292.9 491.6 17.47 3.148 5.274 594.9
100.0 0.51.22 2290.0 0.1.03 324.5 544.3 18.03 3.145 5.256 623.2

125.0 0.6710 2810.0 0.321 403.3 675.3 19.19 3.139 5.230 688.7
150.0 0.7991. 3320.0 0.267 481. 8 805.9 20.15 3.135 5.215 748.5
175.0 0.9276 381.0.0 0.228 560.2 936.1 20.95 3.13? 5.207 803.8
200.0 1.056 1.350.0 0.200 638.4 1066.0 21.65 3.130 5.202 855.5
225.0 1.181. 1.860.0 0.177 716.6 1196.0 22.26 3.129 5.199 904.3
250.0 1.311 5370.0 0.160 794. 7 1326.0 22.81 3.128 5.197 950.6
27 5.0 1.1.3 9 5880.0 0.11.5 872.7 1456.0 23.30 3.127 5.195 994.6
300.0 1.567 6390.0 0.133 950. 8 1586.0 23.76 3.126 5.194 1037.0
350.0 1.823 71.10.0 O.lli. 1107.0 1846.0 24.55 3.125 5.193 1117.0
1.00.0 2.079 843C.0 0.100 1263. 2105.0 25.25 3.124 5.192 1191.0

1.5 0.0 2. 331. 91.50.0 0.0887 1419.0 2 36 5.0 25.86 3.123 5.192 1262.0
500.0 2.590 10500.0 0.0798 1575.0 2624.0 26.40 3.122 5.192 1328.0
600.0 3.102 12500.0 0.0665 1886.0 3144.

C

27.35 3.122 5.191 1452.0
700.0 3.613 11.600.0 0.0570 2198.0 3663.0 28.15 3.121 5.191 1566.0
800. 4.125 16600.0 0.01.99 2510.0 4182.0 28.84 3.121 5.191 1673.0
900.0 4.637 18600.0 0. 1.1.1. 2822.0 4701.0 29.46 3.120 5.192 1773.0

1000.0 5.11.9 2 0700.0 0.0399 3133. 5220.0 30.00 3.120 5.192 1867.0
1100.0 5.66 22700.0 0. 0363 3445. 5739.

C

30.50 3.120 5.192 1958.0
1200.0 6.172 21.800.0 0.0333 3757.0 6258.0 30.95 3.120 5.192 2044.0
1300.0 6.681. 26800.0 0. 0307 4069. 6778.0 31.37 3.120 5.192 2127.0

moo.o 7.196 28900.0 0. 0285 4380. 7297.0 31.75 3.119 5.192 2206.0
1500.0 7.708 30900.0 0.0266 4 6 92.0 7816.0 32.11 3.119 5. 192 2283.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED INDICATED FACTOR
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40.0 ATMOSPHERE ISOBAR
THEPMOPHYSICAL PROPERTIES OF HELIUM

EMPERATURE OENSITY v(OH/OV)
p

VCDP/OU1 -V 10

DECK E/CC J/O ATM-CC/J A

2.5 18.52 102.0 16.5 298.0
3.0 1«.*1 108.0 16.1. 301..

3.5 18.27 96.5 18.9 298.0
4.0 18.13 93.2 19.9 287.0
..5 17.89 95.1. 19.3 272.0
5.0 17.65 100.0 18.1 257.0
5.1 17.61 101.0 17.9 251..

5.2 17.55 101.3 17.8 251.0
5.3 17.51 100.0 18.0 21.8.0

5.1. 17.1.6 100. G 18.0 21.5.0

5.5 17.1.1 100.0 18.0 21.2.0

5.5 17.35 100. 17.9 239.0
5.7 17.31 99.5 17.9 236.0
5.B 17.25 99.5 17.8 233.0
5.9 17.21 100.0 17.7 230.0
6.0 17.15 100.0 17.6 227.0
6.5 16.89 100. 17.1 212.

C

7.0 16.61 100.0 16.6 198.0
7.5 16.32 101.0 16.1 181..

6.0 16.02 101.0 15.6 171.0

8.5 15.71 101.0 15.1 159.0
9.0 15.39 101.0 14.7 11.7.0

9.5 15.07 102.0 11..

3

137.0
10.

D

It. 73 102.0 13.9 127.0
11.0 14.04 102.0 13.1 109.
12.0 13.31. 102.3 12.1. 91.. 2

13.0 12.61. 102.0 11.8 62.9
11.. 11.95 104.0 11.3 71.. i.

15.0 11.32 106.3 10.8 68.3
16.0 10.72 109.0 10.5 63.7

17.0 10.15 113.0 13.2 60.2
18.0 9.639 116.0 9.88 57.5
19.0 9.153 121.0 9.63 55.1.

20.0 8.726 125.0 9.1.2 53.7
21.0 8.325 130.0 9.21. 52.3
22.0 7.956 135.0 9.07 51.2
23.0 7.617 iy.t 8.93 50.2
24.0 7.335 145.0 8.80 1.9.5

25.0 7.017 150.0 8.68 1.8 .8

26.0 6.750 155.3 8.58 1.8.2

28.0 6.273 165.0 8.39 1.7.3

33.0 5.860 176.0 8.2". 1.6.6

-VIOP/OV)^ CDV/OT1/V THERMAL VISCOSITY THERMAL
P CONDUCTIVITY DIFFUSIVITY

1/DEG.K MH/CM-K O/CM-S SO-CM/S
•• X 1000003

125.0
153.0
175.0
230.0
225.0
253.3
275.0
30 0.0
350.0
1.00.0

1.50.0

60

700
80

90

1000
1100
12D0
130

11.0

153 3

3.91.7

3.558
3.257
2.998
2.778
2.589
2.1.25

2.281
2.039
1.844

1.1.90

1.251
1.076
0.91.73
0.81.1.9

0.7625
0.631.8
0.63B1
0.51.66
0.1.811

0.1.261.

0.3861
0.3221.
0.2766
0.21.21.

0.2157
0.191.2
0.1767
0.1520
0.1*96

0.1390
0.1297

198.0
209.0
220.0
231.0

258.0
285.0
312.0
339.0
366.0
393.0
1.19.0
1.1.6.3

1.99.0

551.0

682.0
813.0
943.0
1070.0
1200.0
1330.3
H.60.0
1590.0
1850.0
2110.0

2370.0
2630.0
3150.0
3670.0
4180.0
4700.
5220.0
574U.0
6260.0
6780. D

7.36
7.28

6.63
6.62

0.0121
0.0134
0.0173
0.0210
CO 241
0.0 26 5

0.0 26 9

0.0 27 3

0.0277
0.0 26 1

0.0285
0.0289
0.0292
0.0 29 6

0.0300
0.0 30 4

. 32 2

. 34 1

0.0 36
0.0379

.0454

.0489

.0520

.2 34

.261

.262

.302

.323

.342

0.352
3.356

0.359
3.363
0.366
3.369
0.372
0.375
3.389
0.
HO

0.423
0.420

53 418
515 417

3498 417
0480 417
46 2 418

0444 420
0427 422
0411 424
39 5 427

0383 3 430

35 3 436
0329 3 444
30 7 452

0288 461
271 470
25 6 479

0242 488

3 0214 512
0192 537
0174 562
0159 587
0146 a 611
013 6 3 636
0127 661
0119 3 685
010 6 733
00953 781

00766 a 895
00642 l OC

c 00552 l 11
00485 l 21
00432 l 30
00390 l 40
00355 l 48
00326 l 57

(. 00281 i 74
00246 l 90

00219 2 06
00197 2 22
00165 2 52
00142 2 80
00124 3 08
00110 3 35
000994 3 60
000934 3 86

o 000829 4 10
000766 4 34

u 000711 4 57
000664 4 80

132.0
121.3
109.3
99.1
90.6

93.5
96.7

1C3.0

115.0
129.0
142.0
154.0
166.0
178.0
190.0
201.0
223.

u

360.0
395.0
429.0
462.0
494.0
526.3
556.0

G01C2 1 06999
o B0C986 1 06957
3 00C924 1 06904
3 030653 1 06837

030786 1 06758
3 03L731 1 36668

ooo; 22 1 06649
030719 1 06629
000727 1 06610

» O0C727 1 06592

000727 1 06573
031727 1 06553

3 000727 1 06534
07 26 1 06514

00C725 1 06495
000723 1 06475
000715 1 06372
C0G734 1 36265
000692 1 06154
030683 1 06039

000669 1 05921
030657 1 05799
000647 1 05673

3 00C637 1 05546
a 00C621 1 05280

000613 1 05012
3 00C613 1 34745

00C623 1 34487
000641 1 34244

a 000663 1 04015

000690 1 03803
030722 1 03607
O0C758 1 03427
000796 1 03262
000638 1 03111
000862 1 02972
O0C929 1 02844
C00978 1 02726
00103 1 02616

j 03108 1 02518

o 00119 1 02339
0C131 1 02184
00143 1 02048
00156 1 01929
0C169 1 01824
03183 1 01730
00198 1 01645

00235 1 01468
00276 1 01326
00318 1 01210

3 30364 1 01114
3 00411 1 01032
3 03461 1 03961
3 00513 1 Oj900

0C567 1 00846
3 662 1 03757

00805 1 00684

01 15 1 00553
0154 1 00464
0196 1 00430

3 0245 1 351
G 0297 1 03313

0352 1 00283
3 0411 1 0J257
3 0473 1 03236

0610 1 00203
0762 1 017 8

3 0928 1 00159
111 1 03143
150 1 00119

3 195 1 00102
245 1 00090

3 299 1 03380
3 357 1 00072

0.634
0.713

1.33065
1.00060
1.00055

1.00G51
1.00348

PRANOTL
NUMBER

0.6 96
0.664
0.646
0.642
0.644
0.647
0.646
0.641
0.627
0.620

0.613
0.607
0.602
0.597
0.592
0.588
0.573
0.564
0.560
0.559

0.562
0.567
0.574
0.563
0.6C4
0.6 27

0.650
0.668
0.681
0.695

0.706
0.714
0.721
0.727
0.731
0.734
G.7 36
0.7 38
0.739
0.743

0.740
0.739
0.738
0.736
0.734
0.732
0.730

0.725
0.721
0.716
0.713
0.7C9
0.706
0.703
0.7CO
0.695
0.691

0.672
0.668
0.666
0.664
0.663
0.663
0.664
0.665
0.665
0.666

0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.665

0.665
0.665

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INOICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

1.5.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE OERIVATIVE ENERGY OF SOUND

OEG. K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.5 0.05313 1680.0 4.45 5.042 29.26 1.386 1.216 1.300 426.7
3.0 0.0531.7 1750.0 4.43 5.424 29.80 1.617 1.315 1.412 436.7
3.5 0.05386 1750.0 5.39 5.886 3 0.44 1.835 1.444 1.615 445.0
<>.o 0.051.35 1710.0 6.21 6.466 31.25 2.058 1.628 1.899 449.3
"..5 0.051.93 1650.0 6.73 7.209 32.26 2.296 1.856 2.233 448.9
5.0 0.05561 1590.0 6.99 8.151 33.51 2.548 2.101 2.583 444.8
5.1 0.05575 1580.0 7.02 8. 367 33.79 2.600 2.148 2.650 444.0
5.2 0.05590 1570.0 7.05 8.595 34.08 2.652 2.173 2.695 443.8
5.3 0.05601. 1550.0 7.07 8.800 34.35 2.703 2.160 2.702 443.9
5.1. 0.05619 151.0.0 7.08 9.006 34.63 2.754 2.172 2.734 443.4

5.5 0.05633 1530.0 7.09 9.213 34.90 2.804 2.185 2.767 442.8
5.6 0.0561.8 15 2 0.0 7.10 9.423 35.18 2.854 2.199 2.801 442.2
5.7 0.05663 15 0.0 7. 10 9.6 35 35.46 2.904 2.214 2.837 441.5
5.8 0.05679 1.90.0 7.10 9. 849 35.74 2.954 2.230 2.872 440.7
5.9 0.05691. 11.70.0 7.10 10. 07 36.03 3.003 2.246 2.909 439.9
6.0 0.05710 11.60.0 7.10 10.28 36.32 3.053 2.262 2.946 439.1
6.5 0.05792 1390.0 7. 06 11.42 37.83 3.296 2.347 3.135 434.4
7.0 0.05380 1330.0 6.98 12.61 39.42 3.536 2.430 3.328 429.4
7.5 0.05971. 1260.0 6.87 13.88 41.12 3.773 2.508 3.520 424.1
e.o 0.06071. 1200.0 6.71. 15.20 42.90 4.007 2.580 3.710 418.6

8.5 0.06181 1150.0 6.60 16.59 44.78 4.239 2.645 3.896 413.5
9.0 0.06295 1090.0 6. 111. 18.05 46.75 4.468 2.704 4.079 408.3
9.5 0.061.17 101.0.0 6.27 19.56 48.81 4.695 2.757 4.259 403.2

10.0 0.0651.5 990.0 6.10 21.12 50.97 4.919 2.805 4.434 398.2
11.0 0.06830 900.0 5.69 24.68 55.82 5.389 2.894 4.765 387.5
12.0 0.0711.6 821.. 5.29 28.42 61.00 5.846 2.956 5.062 378.1
13.0 0.071.93 761.. 4.89 32.30 66.47 6.289 3.000 5.315 370.2
14.0 0.07870 720.0 4.51 36.26 72.15 6.714 3.032 5.513 364.1
15.0 0.08270 691.0 4.15 40.27 77.97 7.119 3.056 5.649 359.7
16.0 0.08691 671.. 3.85 44.06 83.68 7.488 3.077 5.764 357.6

17.0 0.09130 665.0 3.57 47.86 8 9.49 7.840 3.095 5.843 356.7
ie.o 0.09581. 663.0 3.32 51.66 95.36 8.175 3.110 5.894 356.9
19-0 0.1005 666.0 3.10 55.45 101.3 8.495 3.122 5.925 357.9
20.0 0.1052 673.0 2.90 59.23 107.2 8.799 3.133 5.94 359.6
21.0 0.1100 683.0 2.73 62.98 113.1 9.089 3.142 5.944 361.8
22.0 0.11..9 695.0 2.57 66.71 119.1 9.366 3. 150 5.940 364.4
23.0 0.1198 709.0 2.1.2 70.41 125.0 9.629 3.156 5.930 367.3
21.. 0.121.7 721.. 2.30 74.09 130.9 9.882 3.161 5.917 370.5
25.0 0.1296 71.0.0 2.18 77.75 136.9 10.12 3.165 5.900 373.9
26.0 0.131.6 758.0 2. 08 81.38 142.7 10.35 3.169 5.881 377.5

28.0 0.11.1.5 795.0 1.89 88.57 154.5 10.79 3.174 5.841 385.0
30.0 0.151.5 831.. 1.74 95.68 166.1 11.19 3.177 5.798 392.7
32.0 0.161.1. 875.0 1.60 102.7 177.7 11.56 3.179 5.756 400.7
31.. 0.171.3 917.0 1.49 109.7 189.1 11.91 3.180 5.716 408.6
36.0 0.181.1 960.0 1.39 116.6 200.5 12.24 3.181 5.678 416.6
36.0 0.191.0 1000.0 1. 31 123.4 211.8 12.54 3.180 5.643 424.6
40.0 0.2037 1050.0 1.23 130.2 223.1 12.83 3.180 5.610 432.5

1.5.0 0.2280 1160.0 1. 07 147. C 251.0 13.49 3.177 5.540 451.8
50.0 0.2520 1260.0 0.953 163.6 27 8.5 14.07 3.174 5.483 470.5
55.0 0.2758 1370.0 0.857 180. 305.8 14.59 3.170 5.438 488.5
60.0 0.2995 11.8 0.0 0.77? 196.3 332.9 15.06 3.167 5.401 505.9
65.0 0.3230 1590.0 0.714 212.6 359.8 15.49 3.164 5.371 522.7
70.0 0.31.61. 1700.0 0.660 228.7 386.6 15.89 3.161 5.346 539.0
75.0 0.3697 1800.0 0.613 244.7 413.3 16.26 3.159 5.326 554.7
80.0 0.3929 1910.0 0.573 260.7 439.9 16.60 3.156 5.309 570.1
90.0 0.1.392 2120.0 0.506 292.6 492.8 17.22 3.152 5.283 599.5
100.0 0.1.852 2330.0 0.454 324.3 545.6 17.78 3.148 5.264 627.5

125.0 0.5998 281.0.0 0.361 403. 2 676.7 18.95 3.142 5.234 692.6
15 0.0 0.711.0 3360.0 0. 300 481.8 807.4 19.90 3.13e 5.218 751.9
175.0 0.8279 3870.0 0.257 560.2 937.7 20.71 3.134 5.209 806.9
200.0 0.91.17 1.380.0 0.225 638.5 1068.0 21.40 3.132 5.203 858.4
225.0 1.055 1.890.0 0.200 716.7 1198.0 22.01 3.130 5.200 907.0
25 0.0 1.169 51.0 0.0 0.180 794.8 1328.0 22.56 3.129 5.197 953.1
275.0 1.283 5910.0 0.163 872.9 145 8.0 23.06 3.128 5.196 997.0
300.0 1.396 61.20.0 0.150 950. 9 1588. 23.51 3.127 5.194 1039.0
350.0 1.621. 71.1*0.0 0.128 1107. 1847.0 24.31 3.126 5.193 1119.0
1.0 0.0 1.851 81.60.0 0.112 1263.0 2107.0 25.00 3.125 5.192 1193.0

1.5 0.0 2.078 91.80.0 0.100 1419.0 2366.0 25.61 3.124 5. 192 1263.0
500.0 2.305 10500.0 0.0898 1575. 2626.0 26.16 3.123 5.191 1330.0
600.0 2.760 12500.0 0.0748 1887.0 3145.0 27.11 3.122 5.191 1453.0
700.0 3.215 11.60 0.0 0. 0642 2199. 3664.0 27.91 3.122 5.191 1567.0
800.0 3.669 16600.0 0. 05E1 2510. 4183.0 28.60 3.121 5.191 1674.0
900.0 4.124 16700.0 0.0499 2822.0 4703.0 29.21 3.121 5.191 1774.0

1000.0 "..579 2 0700.0 0.0449 3134.0 5222.0 29.76 3.121 5.191 1868.0
1100.0 5.031. 2 2600.0 0. 0408 3446.0 5741.0 30.25 3.120 5.192 1958.0
1200.0 5.1.89 21.800.0 0. 0374 3757. 6260.0 30.71 3.120 5.192 2045.0
1300.0 5.91.1. 26800.0 0. 0346 4 69. 6779.0 31.12 3.120 5.192 2127.0

11.00.0 6.399 28900.0 0.0321 4381. 7298.0 31.51 3.120 5.192 2207.0
1500.0 6.851. 30900.0 0. 0300 4692. 7817.0 31.86 3.120 5.192 2284.0

* TWO-PHASE BOUNDARY
•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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".5.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OENSITY

DEG.< G/CC

<<OH/DV) VIOP/OU! -V<DP/OV> {DV/DT>/V THERMAL VISCOSITY THERMAL
v P CONDUCTIVITY OIFFUSIVITY

J/G ATM-CC/J ATM 1/OEG.K MH/CM-K G/CH-S SQ-CH/S
*• x iocoooo

2.5 18 82
3.0 18 70
3.5 18 57
k.O 18 ItO

k.5 18 .20

5.0 17 93
5.1 17 .9<i

5.2 17 89
5.3 17 8".

5.1. 17 .80

5.5 17 .75

5.6 17 70
5.7 17 66
5.8 17 61
5.9 17 56
6.0 17 51
6.5 17 27
7.0 17 .01
7.5 16 7k
9.0 16 1.6

8.5 16 19
9.0 15 .SB

9.5 15 58
10.0 15 28
11.0 1". 6i«

iz.o 13 99
13.0 13 .31.

l<t.O 12 71
15.0 12 .09

16.0 11 .51

17.0 10 95
18.0 10 k3
19.0 9 95
20.0 9 503
21.0 9 089
22.0 8 701.

23.0 8 31.9

2<>.0 8 .019
25.0 7 71l»

55.0
60.0

125.0
150.0
175.0
2..0.0

225.0
250.0
275.0
300.0
350.0
1.00.0

60 0.0
700.0
SOD.O
900.0
1OJ0.0
1100.0
1200.0
1300.0

moo.
1503.0

4.386
3.958
3.625
3.339
3.096
2.887
2.705
2.51.5

2.277
2.051

1.657
1.1.01

1.208
1.062
.91.75

0.855k
0.7796
0.7162
0.6159
0.51.03

0.1.912
0.1.338
0.3623
0.3111
0.2725
0.21.25
0.2191.
0.1987
0.1922

97.2
96.0
100.

1

106.0
107.0
107.0
106.0
106.0

106.0
106.0
106.0
106.0
106.1
106.0
107.
108.0
108.0
109.0

109.0
110.0
110.0
110.
110.0
110.0
111.0
112.1
llk.O
116.0

119.0
123.0
127.0
131.0
135.0
11.0.0

160.0

170.0
190.0
191.0
202.0
213.0
223.0
23k.

262.0
299.0
316.0
3k3.0
370.0
397.0
»23.0
1.50.0

503.

D

556.0

687.]
917.0
9k7.0

1600.0
1860.0
2110. D

2370.0
2630.

D

3150.0
3670.0
1.190.0
1.710.0
5230.0
5750.0
6260.3
6780.0

15.k
15.0

10.5
10.2
10.0

9.06
8.93
8.81

8.29
8.17
9.06

316.0
328.0
321..

31k.
301.0
286.0
2 83.0
280.0
277.0
27k.

271.0
268.0
265.0
262.0
259.0
256.0
2kl.O
226.0
212.0
198.0

185.0
173.0
162.0
151.0
132.0
115.0
102.0
91.5
83.5
77.5

72.9

O.Olkl .2kl IkS.O

55.0
5k.
53.2

k6.2
1.6.1

k5.3
k5.2

013 5 269
0166 289
0198 311
022k a 332
2k 5 352

02k8 .356
0251 359
25 5 .363

0258 367

261 370
0265 .37k
26 8 377
271 381

027k 38k
0277 387

G 0293 kC2
30 9 .klk
32 k k25
3k0 .k3k

0356 kkO
37 2 9 ,kk6
38 7 9 k50

0k03 .k52
0k32 k55

c 0k58 1 k5k
0k8 .k52
0k93 kk9
0k97 J kk6
0k96 a kk3

0k9 a .kkl
OkSO k39
0k67 .k38
0k5k a ,k37

Q 0k39 o k38
0k2k a .k38
OklO kkO
0396 a .kkl
38 2 3 kk3
369 .kk6

3kk k51
321 .k58

0301 k65
28 3 .k73

0267 k81
25 3 k90

0239 k99

o 0212 522
019 5k6
017 2 570
015 7 595
01k 5 619
0135 6k3

c 0126 668
0118 692
010 5 739
009k7 786

00762 900
0C639 1 .01
00550 1 11
Uk83 1 .21
00k31 1 .31

c 00389 1 >k0
0035k 1 .k9
00326 1 .57
00280 1 .7k
002k6 1 .91

00219 2 .06
00197 2 .22

c 00165 2 52
031kl 2 .80

c 0012k 3 OS
00110 3 .35
000993 3 .60
00090k 3 .86
000829 k 10
000765 "• .3k

000711 1, 57
00066k k .81

65.0

62.9
60.9
59.3
58.0
55.7

52.2
52.6

68.3
71.7
75.1
79.

k

81.7
8k.

9

68.1

103.

C

116.0
129.0
lk2.0
155.0
167.0
178.0
19 0.0
201.0
22 3.0
2kk.O

265.0
285.0
323.0
360.0
395.0
k29.C
k62.0

0.000963
3.00102
0.000565
0.000889
0.000816
0.0 00 757
U.O0C7k8
0.0037k5
0.000753
0.00075k

0.00075k
0.00075k
0.003753
0.0 GO 753
0.000752
0.O0C751
0.0007k2
0.CC0732
0.000721
0.000710

0.000699
0. 000688
0.000677
0.000668
C.C30652
C.00O6kl
0.003637
3.0006kl
0.000653
C. 003668

0.000689
0.00071k
0.0 00 7k3
0.000775
0.000813
0.0009k8
0.000 888
0.000 930
O.O0097k
0.001C2

0.00112
0.00122
0.03133
C.OOlkk
0.00156
C.O0168
D. 00181

0.00215
0.00251
0.0C289
0.0 03 30

0.OC372
0.00kl7
0.00k63
0.00512
0.00615
0.00725

0.0103
0.0138
0.0177
0.0219
0.0265
0.0315
C.0367
0.0k22
0.05kk

.0826

.0986

.218

.266

.318

1.07118
1.07072
1.07019
1.0695k
1.06979
1.0679k
1.C6776
1.06757
1.067k0
1.06722

1.06705
1.06697
1.36668
1.06650
1.06632
1.06613
1.06517
l.ObklS
1.06315
1.06209

1.06099
1.05987
1.05872
1.0575k
1.05511
1.05263
1.05015
1.0k772
1.0k538
1.0k315

1.0kl05
1.03938
1.03725
1.03556
1.03399
1.0325k
1.03120
1.02996
1.02880
1.02773

1.02581
1.02klk
1.02267
1.02138
1.02023
1.01920
1.01827

1.01632
1.01k75
l.G13k8
1.012kl
1.31150
1.01072
1.0100k
1.009k5
1.008k5
1.03765

1.00618
1.00519
1.33kk8
1.0339k
1.03351
1.00317
1.03289
1.00265
1.00228
1.00200

1.00178
1.03161
1.0013k
1.00115
1.00101
1.C09O
1.00081
1.0037k
1.00067
1.03062

0.801
0.703
0.670
0.661
0.662
0.663
0.662
0.655
0.6kl
0.633

0.625
0.619
0.612
0.607
0.602
0.597
0.5 79
0.567
0.559
0.556

0.556
0.558
0.562
0.568
0.58k
0.6C3
0.623
0.6kl

0.683
0.69k
0.702
0.709
0.715
0.720
0.72k
0.727
0.729
0.731

0.733
0.73k
0.73k
0.733
0.732
0.730
0.729

0.725
0.720
0.716
0.713
0.709
0.706
0.703
0.700
0.695
0.691

0.672
0.669
0.665
0.66k
0.663
0.663
0.663
0.665
0.665
0.665

0.665
0.665
0.666
0.666
0.666
0.666
0.666
0.665
0.665
0.665

596.
616.

» THO-PHASE BOUNDARY
•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM It

50.0 ATMOSPHERE IS09AR

TEMPERATURE VOLUME ISOTHERM ISOCHCRE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

OEG. K •* X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

2.5 0.05230 1710.0 5.55 5. 309 31.81 1.335 1.291 1.111 139.1
3.0 0.05268 1950.0 1.90 5.671 3 2.36 1.573 1.292 1.102 150.1
3.5 0.05306 1860.0 5.67 6.101 32.98 1.787 1.101 1.571 159.8
1.0 0.05353 1630.0 6.13 6.615 33.76 2.001 1.587 1.850 161.5
it.

5

0.051.07 178C.0 6.92 7.353 31.75 2.236 1.822 2.182 161.3
5.0 0.05169 1720.0 7.17 8.263 35.97 2.182 2.075 2.529 160.1
5.1 0.051.83 1710.0 7.20 8.173 36.25 2.533 2.123 2.595 159.6
5.2 0. 05496 1700.0 7.23 8.691 36.51 2.563 2.119 2.639 159.5
5.3 0. 05509 1690.0 7.21 8.892 36.80 2.631 2.137 2.611 159.6
5.". 0.05522 1670.0 7.26 9. 091 37.07 2.683 2.150 2.676 159.1

5.5 0.05536 166C.0 7. 27 9.292 37.31 2.733 2.165 2.708 155.6
5.6 0.05519 1650.0 7.27 9.191 37.61 2.782 2.180 2.711 156.0
5.7 0.05563 1630.0 7.28 9.699 37.88 2.831 2.196 2.775 157.3
5.8 0.05577 1620.0 7.28 9.907 38.16 2.879 2.212 2.810 156.6
5.9 0.05591 1610.0 7.28 10.12 38.11 2.928 2.229 2.815 155.9
6.0 0.05605 1590.0 7.28 10.33 38.72 2.976 2.216 2.881 155.1
6.5 0.05679 1530.0 7.25 11.12 10.20 3.211 2.333 3.063 15 0.7
7.0 0.05758 1160.0 7.18 12.58 11.76 3.118 2.118 3.216 116.0
7.5 0.0581.2 1100.0 7.09 13.80 13.10 3.679 2.197 3.130 111.0
6.0 0.05932 1310.0 6.58 15.09 15.11 3.907 2.570 3.610 136.0

6.5 6. 06027 1280.0 6. 85 16.13 16.97 1.132 2.636 3.787 131.1
9.0 0.06128 122C.0 6.71 17.83 18.88 1.355 2.696 3.959 1?6.2
9.5 0.06231. 1170.0 6.56 19. 29 50.87 1.571 2.750 1.128 121.1

10.0 0.06347 1120.0 6.39 20.80 52.96 1..792 2.798 1.292 116.7
11.0 0.06591. 1020.0 6. 01 21.25 57.66 5.217 2.889 1.600 106.3
12.0 0.06966 912.0 5.63 27.88 62.67 5.689 2.952 1.561 397.1
13.0 0.07164 871.0 5.25 31.66 67.96 6.118 2.998 5.128 369.2
11.0 0.07186 821.0 1.88 35.51 7 3.17 6.531 3.032 5.332 382.6
15.0 0.07929 783.0 1.52 39.19 79.15 6.926 3.056 5.188 377.5
16.0 0.09193 759.0 1.21 13.20 81.71 7.285 3.078 5.621 371.6

17.0 0.05571. 713.0 3.92 16.95 90.38 7.629 3.096 5.720 373.0
16.0 0.08968 735.0 3.66 50. 70 96.11 7.958 3.111 5.791 372.3
19.0 0.09375 733.0 3.13 51.16 102.0 8.272 3.123 5.839 372.6
20.0 0.09790 735.0 3.22 58.21 107.8 8.573 3.131 5.869 373.5
21.0 0.1021 711.0 3.03 61.95 113.7 8.859 3.113 5.886 375.1
22.0 0.1061 750.0 2.86 65.67 119.6 9.133 3.150 5.893 377.1
23.0 0.1107 761.0 2.70 69.37 125.5 9.395 3.157 5.893 379.5
21.. 0.1151 771.0 2.56 73.05 131.1 9.616 3.162 5.888 362.2
25.0 0.1195 789.0 2.13 76.7 137.2 9.586 3.167 5.879 385.1
26.0 0.1239 801.0 2.32 80.31 113.1 10.12 3.170 5.866 365.3

28.0 0.1328 838.0 2. 11 87.56 151.8 10.55 3.176 5.836 395.1
30.0 0.1117 875.0 1.91 91.69 166.5 10.95 3.180 5.501 102.2
32.0 0.1506 911.0 1.79 101.8 178.0 11.32 3.183 5.761 109.6
31.. 0.1591 955.0 1.67 108.7 189.5 11.67 3.181 5.726 117.2
36.0 0.1683 1000.0 1.56 115.7 200.9 12.00 3.185 5.693 121.6
36.0 0.1771 1010.0 1.16 122.6 212.3 12.31 3.185 5.660 132.1
itO.O 0.1859 1080.0 1.37 129.1 223.6 12.60 3.181 5.625 110.0

".5.0 0.2078 1190.0 1.20 116.3 251.5 13.25 3.182 5.559 156.7
50.0 0.2291 1300.0 1.06 163.0 279.2 13.51 3.179 5.502 176.9
55.0 0.2509 1110.0 0.955 179.5 306.6 11.36 3.175 5.155 191.5
60. 0.2723 1510.0 0.868 195.8 333.8 11.83 3.172 5.117 511.6
65.0 0.2935 1620.0 0.79E 212.1 360.8 15.27 3.169 5.356 528.2
70.0 0.3116 1730.0 0.735 228. 3 387.6 15.66 3.166 5.360 511.2
75.

D

0.3356 1830.0 0.683 211.1 111.1 16.03 3.163 5.335 559.5
80.0 0.3565 1910.0 0.637 260.1 111.0 16.38 3.160 5.320 575.0
90.0 0.3982 2150.0 0.563 292.3 191.1 17.00 3.156 5.291 601.1
100.0 0.1397 2360.0 0.505 321.1 516.9 17.56 3.152 5.271 631.9

125.0 0.5129 28 7 0.0 0.101 103.1 678.2 18.73 3.115 5.235 696.1
150.0 0.6156 3390.0 0.331 181.8 808.9 19.68 3.110 5.221 755.1
175.0 0.7181 3900.0 0.285 560.2 939.3 20.19 3.137 5.211 610.0
200.0 0.8505 1110.0 0.250 6 38.6 1069.0 21.18 3.131 5.201 561.3
225.0 0.9528 1920.0 0.222 716.8 1200.0 21.79 3.132 5.200 909.7
250.0 1.055 513 0.0 0.199 791.9 1329.0 22.31 3.131 5.196 955.6
275.0 1.157 5910.0 0. 181 873. 1159.0 22.81 3.129 5.196 999.0
300.0 1.26 6150.0 0.166 951.1 1589.0 23.29 3.128 5.191 1012.0
350.0 1.161 7170.0 0.112 1107.0 1819.0 21.09 3.127 5.193 1121.0
1.00.0 1.669 8190.0 0.125 1263. 2109.0 21.78 3.126 5.192 1195.0

1.50 . 1.873 9510.0 0. Ill 1119.0 2366.0 25.10 3.125 5.191 1265.0
500.0 2.078 10500.0 0.10C 1575.0 2628.0 25.91 3.121 5.191 1331.0
600. 2.18 7 12600.0 0. 0831 1887.0 3117.0 26.89 3.123 5.191 1155.0
700.0 2.896 116 0.0 0.0713 2199.0 3666.0 27.69 3.122 5.191 1565.0
800.0 3.305 16600.0 0.0621 2511. 1185.0 28.38 3.122 5.191 1675.0
900.0 3.711 18700.0 0.0555 2822.0 1701.0 28.99 3.122 5.191 1775.0

1000.0 1.123 20700.0 0.0199 3131.0 5223.0 29.51 3.121 5.191 1569.0
1100.0 1.533 2 2800.0 0. 0151 3116.0 5712.0 30.01 3.121 5.191 1959.0
1200.0 1.912 21600.0 0. 0116 3758.0 6261.0 30.19 3.121 5.191 2015.0
130 0.0 5.351 26900.0 0.0381 1069.0 6761.0 30.90 3.121 5.191 2125.0

1100.0 5.761 2 8900.0 0.0357 1381.0 7300.0 31.29 3.120 5.192 2207.0
1500. 6.170 31000.0 0.0333 1693.0 7819.0 31.65 3.120 5. 192 2261.0

TWO-PHASE BOUNDARY
NUH8ERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATEO FACTOR
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50.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUH 4

TEMPERATURE DENSITY VCOH/OV) V(DP/DU> -V (DP/DVL, (OV/OT) /V
P v T P

DEG.K G/CC
•» X 10C

J/G ATM-CC/J ATM 1/OEG.K

2.5 19.12 84.8 22.5 333.0 0.0167
3.0 18.98 100.0 20.0 350.0 0.0140
3.5 18.85 97.1 21.5 350.0 0.0162
4.0 18.68 98.2 21.7 341.0 0.3188
4.5 18.1.9 104.3 20.5 329.3 0.0211
5.0 18.23 111.0 18.9 314.0 0.0 22 8

5.1 18.21. 112.0 18.6 311.0 0.0231
5.2 18.19 113.0 18.5 3C9.0 0.0234
5.3 18.15 112.0 18.7 306.0 0.0237
5.1. 18.11 112.0 18.6 3G3.0 0.0 24

5.5 IS. 06 112.0 18.6 300.0 . 24 2

5.6 18.02 112.0 18.5 297.0 0.0245
5.7 17.98 112.0 18.4 294.0 0.0 24 8

5.6 17.93 112.0 18.4 290 .0 0.0 251
5.9 17.89 112.3 18.3 287.0 0.0 25 3

6.0 17.81. 113.0 18.2 264.0 0.0256
6.5 17.61 114.0 17.6 269.0 0.0273
7.0 17.37 115.0 17.1 254.0 0.0283
7.5 17.12 116.0 16.6 239.0 0.3296
8.0 16.86 116.0 16.1 225.0 0.0310

8.5 16.59 117.0 15.7 212.0 0.0 32 3

9.0 16.32 118.0 15.3 199.0 0.0 33 7

9.5 16.01. 118.0 14.9 187.0 0.0 35
10.0 15.76 118.0 14.5 176.0 . 36 3

11.0 15.17 119.0 13.7 155.0 0.0387
12.0 14. 56 119.0 13.1 137.0 0.0 413
13.0 13.96 119.0 12.5 122.0 0.0 43 3

14.0 13.36 120.3 12.0 110.0 . 0444
15.0 12.77 121.0 11.6 100.0 . 45 2

16.0 12.21 124.0 11.2 92.6 . j 45 5

17.0 11.66 126.0 10.9 86.7 . 45 3

18.0 11.15 130. C 10.6 82.0 0.0447
19.0 10.67 133.0 13.3 78.2 0.0 43 9

20.0 10.21 137.0 10.1 75.1 0.0 42 8

21.0 9.791 141.0 9.84 72.6 O .0417
22.0 9.397 146.0 9.65 70.5 0.0435
23.0 9.030 150.0 9.47 68.7 . 39 3

24.0 8.687 155.0 9.32 67.3 0.0383
25.0 8.368 160.0 9.18 66.0 0.0 36 8

26.0 8.070 164.0 9.05 64.9 0.0 35 7

28.0 7.531 175.0 8.83 63.1 0.0334
30.0 7.059 185.0 8.64 61.8 0.0314
32.0 6.61.2 195.0 8.48 60 .7 0.0 29 5

34. 6.272 206.0 8.34 59.9 0.0278
36.0 5.91.2 217.0 8.22 59.2 0.0 26 3

38.0 5.646 227.0 8.11 58.6 0.0 24 9
1.0.0 5.379 238.0 8.02 58.1 0.0236

1.5.0 4.813 265.0 7.82 57.2 0.0 20 9

50.0 4.358 293.0 7.67 56.5 0.0188
55. D 3.985 320.

C

7.55 56.0 0.0171
60. 3.673 347.0 7.45 55.6 C.0156
65.0 3.407 374.0 7.37 55 .2 0.0144
70.0 3.179 400.0 7.3C 54.9 0.0134
75.0 2.980 427.0 7.24 54.6 0.012 5

80.0 2.805 454.0 7.19 54.4 0.0117
90.0 2.511 507.0 7.11 54.0 0.0104

10 J. 2.274 563.0 7.04 53.6 C. 00942

125.0 1.842 691.0 6.93 52.9 0.00758
150.0 1.549 821.0 6.86 52.5 0.00636
175.0 1.337 951.0 6.81 52.1 0.00548
20 CO 1.176 1080.

C

6.77 51 .8 0.03481
225.0 1.049 1210.0 6.74 51.6 C.C0429
250.0 0.9478 1340.0 6.72 51.5 0.00388
275.0 0.8540 1470.0 6.71 51.3 0.03353
330.0 0.7939 1630.0 6.69 51.2 0.05325
350.0 0.6830 1860.0 6.67 51.0 0.03279
1.0 0.0 0.5993 2120.0 6.65 50 .9 0.00245

1.50.0 0.5339 2380.0 6.64 50.8 0.03218
500.0 0.4S13 2640.0 6.63 50 .7 0.00197
60 0.0 3.4322 3160.0 6.62 50.5 0.03165
730.0 0.3453 3670.3 6.61 53.4 0.03141
800.0 0.3326 4190.0 6.60 60 .4 3.03124
900.0 0.2692 4710.0 6.60 50 .3 0.00110
1000.0 0.2425 5230.li 6.59 53.3 0.0C3993
1100.0 0.2206 5750.0 6.59 50 .2 0.000903
1233.0 0.2323 6270. 6.59 53.2 3.000828
1300.0 C.1S69 6790.0 6.59 50 .2 0.000765

1<> J 0.0 0.1736 7310.0 6.58 50.2 0.000711
1500.0 0.1521 7820.0 6.58 50 .2 0.000664

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CM-S SO-CM/S
•» X 1000000

0.247
0.2 76
0.297
0.319
0.341
0.361
0.365
0.369
0.373
0.377

0.381
0.385
0.388
0.392
0.395
0.399
0.414
0.428
0.439
0.448

0.462
0.463

0.532
0.555
0.579
0.603
0.627
0.651
0.674
3.698
0.746
0.792

166.0
148.0
131.0
118.0
106.0
97.3
95.6

104.3

116.3
130.0
143.0
155.0
167.0
179.0
190.0
201.0
223.0
244.0

265.0
285.0
32 3.0
360.0
395.3
429.0
462.0
494.0
526.0
556.0

0.0 00 914
0.001C4
0.00100
0.000922
0.000844
0.000782
0.000772
0.003769
0.000778
0.000778

3.000779
0.003779
0.000778
0.000778
0. 003777
0.000776
0.003768
0.3 3 75

8

3.003748
3.300737

0.00 726
0.003715
0.003705
3.003696
0.000679
0.003668
0.000661
0.C03661
0.00J667
3.003677

3.300693
0.000712
0.000736
0.000762
0.030792
0.00C825
0.033859
3.300696
0.000 935
0.000 975

0.00106
3.00115
0.0 0125
0.0 0135
0.00146
0.00157
0.00168

0.00199
0.00231
0.00266
C.OC303
0.00341
0.00362
0.00424
0.03468
0.03561
3.00661

3.00938
0.0125
G.C16C
0.0199
0.024C
0.0265

3.0613

3.0 746
3.0889
0.121
0.157
0.196
0.239
0.286
0.337
3.393

0.508
3.571

1.07233
1.07180
1.07127
1.07064
1.06991
1.06913
1.06893
1.06876
1.06859
1.06842

1.06826
1.06809
1.06791
1.06774
1.06757
1.06739
1.36649
1.06556
1.06460
1.06361

1.06259
1.36154
1.36047
1.05937
1.05711
1.05481
1.05249
1.05020
1.04797
1.04581

1.04375
1.04180
1.33997
1.03825
1.33665
1.33516
1.03377
1.03248
1.03127
1.03015

1.02477
1.02338
1.32214
1.32103
1.02303

1.01791
1.01621
1.01482
1.31365
1.01266
1.01181
1.01137
1.31042
1.J3932
1.00844

1.00683
1.00574
1.03496
1.03436
1.03389
1.03351
1.33323
1.03294
1.00253
1.03222

1.30198
1.03178
1.33149
1.33128
1.00112
1.33103
1.03093
1.30382
1.33075
1.C3369

0.952
0.751
0.697
0.684
0.682
0.660
0.679
0.672
0.656
0.647

0.639
0.632
0.625
0.619
0.613
0.607
0.586
0.5 71
0.561
0.555

0.553
0.553
0.555
0.558
0.570
0.585
0.602
0.619
0.634
0.649

0.663
0.674
0.684
0.693
0.7C0
0.706
0.711
0.715
0.718
0.721

0.725
0.727
0.7 28
0.7 29
0.728
0.728
0.727

0.723
0.720
0.716
0.712
0.7C9
0.706
0.703
0.700
0.695
0.691

0.672
0.668
0.665
0.663
0.662
0.662
0.663
0.664
0.665
0.665

0.665
0.665
0.665
0.665
0.665
0.665
0.665
0.665
0.665
0.665

TUO-PHASE BOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTUR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

60.0 ATMOSPHERE ISOBAR

EMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K »• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

3.0 0.05126 2010.0 6. 16 6. 192 37.36 1.484 1.289 1.440 476.8
3.5 0.05166 2060.0 6.40 6.563 37.97 1.695 1.339 1.527 487.6
4.0 0. 05209 2050.0 6.93 7.045 38.71 1.905 1.523 1.781 492.8
4.5 0.05258 2010-0 7. 31 7.696 39.66 2.127 1.769 2.104 492.5
5.0 0.05312 1960.0 7.51 8.552 40.85 2.365 2.033 2.444 488.7
5.1 0.05323 1950.0 7.54 8.751 41.11 2.414 2.083 2.509 487.9
5.2 0.05335 1940.0 7.56 8.962 41.40 2.463 2.111 2.552 487.9
5.3 u. 05 146 1930.0 7.57 9.149 41.65 2.511 2.100 2.556 488.0
5.1. 0.05357 19 2 0.0 7.58 9.337 41.91 2.559 2.115 2.586 487.6
5.5 0.05369 1910.0 7.59 9.527 42.17 2.607 2.131 2.616 487.1

5.6 0. 05380 1900.0 7.60 9.719 42.43 2.654 2.148 2.648 466.6
5.7 0.05392 1880.0 7.60 9.913 42.69 2.702 2.165 2.680 486.0
5.8 0.05".0i. 1870.0 7.60 10.11 42.96 2.749 2.182 2.713 485.3
5.9 0.051.16 1860.0 7.60 10.31 43.23 2.795 2.200 2.746 484.7
6.0 0.051.28 1840.0 7.60 10.51 43.51 2.842 2.218 2.780 483.9
6.5 0.051.90 1780.0 7.58 11.55 44.92 3.071 2.310 2.950 480.0
7.0 0.05556 1720.0 7.53 12.64 46.42 3.297 2.397 3.122 475.7
7.5 0.05626 1650.0 7.47 13. 80 48.00 3.518 2.479 3.290 471.3
e.o 0.05700 1590.0 7.38 15.01 49.66 3.736 2.553 3.456 466.8
8.5 0.05777 1530.0 7.28 16.28 51.41 3.952 2.620 3.617 462.4

9.0 0.05859 147C.0 7. 17 17.60 53.23 4.164 2.681 3.775 459.0
9.5 0.0591.5 1420.0 7. 04 18.98 55.12 4.373 2.736 3.928 453.8

10.0 0-06036 1360.0 6.90 20.40 57.10 4.579 2.7 86 4.077 449.6
11.0 0.06232 1260.0 6.56 23.69 61.58 5.013 2.878 4.352 44 0.0
12.0 0.061.1.5 1170.0 6.21 27. 16 66.34 5.434 2.945 4.605 431.4
13.0 0.06675 1100.0 5.86 30.77 71.35 5.841 2.994 4.835 423.5
14.0 0.06923 1030.0 5.52 34.50 76.59 6.234 3.031 5.038 416.6
15.0 0.07187 978.0 5.18 38.32 82.02 6.612 3.058 5.208 410.8
16.0 0.071.69 940.0 4.87 41.90 87.30 6.953 3.080 5.362 407.0
17.0 0.07765 911.0 4.56 45.53 92.73 7.282 3.099 5.486 404.2

18.0 0.08071. 891.0 4.30 49.18 98.27 7.598 3.114 5.584 402.3
19.0 0.08391. 878.0 4. 05 52.86 103.9 7.902 3.126 5.660 401.3
20.0 0.08723 671.0 3.82 56.55 109.6 8.194 3.137 5.718 401.1
21.0 0.09060 869.0 3.60 60.24 115.3 8.474 3.145 5.757 401.5
22.0 0.091.03 871.0 3.41 63.92 121.1 8.742 3.153 5.785 402.4
23.0 0.09752 876.0 3.23 67.60 126.9 9.000 3.159 5.803 403.8
z <>. a 0.1010 884.0 3.07 71.26 132.7 9.247 3.165 5.813 405.6
25.0 0.101.6 894.0 2.92 74.91 138.5 9.485 3.170 5.818 407.7
26.0 0.1082 906.0 2.79 78. 55 144.3 9.713 3.174 5.818 410.1
28.0 0.1151. 933.0 2.55 85.77 156.0 10.14 3.180 5.807 415.5

30.0 0.1227 965.0 2.34 92.93 167.5 10.54 3.186 5.788 421.4
32.0 0.1301 1000.0 2.17 100.0 179.1 10.92 3.188 5.764 427.8
34.

a

0.1371. 1040.0 2.01 107.1 190.6 11.27 3.190 5.737 434.5
36.0 0.11.1.7 1070.0 1. 88 114.1 202.0 11.59 3.192 5.709 441.3
38.0 0.1521 1110.0 1. 76 121.0 213.4 11.90 3.192 5.681 448.2
1(0.0 0.1591. 1150.0 1.66 127.9 224.8 12.19 3.192 5.653 455.2

1.5.0 0.1776 1260.0 1.45 144.9 252.9 12.85 3.191 5.589 472.6
50.0 0.1957 1360.0 1.28 161.7 280.7 13.44 3.188 5.533 489.8
55.0 0.2136 1470.0 1.15 178.3 308.2 13.96 3.185 5.485 506.7
60.0 0.2315 1580.0 1.05 194.8 335.5 14.44 3.181 5.446 523.2
65.0 0.2492 1680.0 0.959 211.2 362.7 14.87 3.178 5.412 539.2
70.0 0.2668 1790.0 0.885 227.4 389.7 15.27 3.175 5.384 554.8
75.0 0.2841. 1900.0 0.822 243.6 416.5 15.64 3.171 5.360 569.9
80.0 0.3019 2000.0 0.767 259.7 443.3 15.99 3. 169 5.340 584.7
90.0 0.3367 2210.0 0.677 291.8 496.5 16.62 3.163 5.308 613.2
100.0 0.3713 2420.0 0.607 323.7 549.5 17.17 3.159 5.284 640.5

125.0 0.4574 2940.0 0.482 403.0 681.0 18.35 3.151 5.247 704.0
150.0 0.5431 3450.0 0.400 481.8 611.9 19.30 3.145 5.226 762.2
175.0 0.6285 3960.0 0.342 560. 3 94 2.4 2C.11 3.141 5.214 816.3
200.0 0.7138 4470.0 0.299 638.7 1073.0 20.80 3.138 5.207 867.0
225.0 0.7990 4980.0 0.266 717.0 1203.0 21.42 3.135 5.202 915.0
250.0 0.8842 5490.0 0.239 795. 2 1333.0 21.96 3.134 5.199 960.6
275.0 0.9694 6000.0 0.217 873.3 1463.0 22.46 3.132 5.196 1004.0
300.0 1.055 6510.0 0.199 951.5 1593.0 22.91 3.131 5.195 1046.0
350.0 1.225 7530.0 0. 171 1108. 1852.0 23.71 3.129 5. 193 1125.0
1.00.0 1.395 8540.0 0.150 1264.0 2112.0 24.41 3.128 5.192 1199.0

I.5C.0 1.565 9560.0 0.133 1420.0 2371.0 25.02 3.127 5.191 1268.0
500.0 1.736 10600.0 0. 120 1576. 2631.0 25.56 3.126 5.191 1334.0
600.0 2.077 12600.0 0. IDC 1888. 3150.0 26.51 3.125 5.191 1457.0
700.0 2.417 14700.0 0.0855 2199.0 3669.0 27.31 3.124 5.191 1571.0
800.0 2.758 16700.0 0.0748 2511.0 4188.0 28.00 3.123 5. 191 1677.0
900.0 3.099 18700.0 0. 0665 2823.0 4707.0 28.62 3.123 5.191 1776.0

1000.0 3.440 20800.0 0. C599 3135. 5226.0 29.16 3.122 5.191 1871.0
1100.0 3.781 22800.0 0.0544 3447.0 5745.0 29.66 3.122 5.191 1961.0
1200.0 4.122 24900.0 0.0499 3758.0 6 26 4.0 30.11 3.122 5. 191 2047.0
1300.0 4.463 26900.0 0.0461 4070.0 6 78 4.0 30.52 3.122 5.191 2129.0

1400.0 4.804 28900.0 0.0428 4382.0 7303.0 30.91 3.121 5.191 2209.0
1500.0 5.145 31000.0 0.0399 4694.0 7822.0 31.27 3.121 5.191 2285.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED 9Y INDICATED FACTOR
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60.0 ATMOSPHERE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM I.

TEMPERATURE OENSITY V<DH/DVI
P

J/G

V IDP/DUl

ATH-CC/J

-V (OP/DVI,. (DV/OT) /V THERMAL VISCOSITY
CONDUCTIVITY

MH/CM-K G/CM-S
•• X 1030030

PRANDTL
NUM9ER

3.0
3.5
4.0

6.5
7.0
7.5
3.0

19.0
20.0
21.0

32.0
34.0

90.0
100.0

125.0
15 0.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
.J 0.0

1.50.0

500.0
600.0
700.0
800.0
90 0.0
1000.0
1100.0
1200.0
1300.0

1U 0.0
1500.0

19.51
19.35
19.20
19.02
18.83
18.79
18.7.
18.70
18.67
18.63

18.59
18.55
18.51
18.1.3
18.1.2

18.21
18.00
17.77
17.51.

17.31

17.07
16.82
16.57
16.05
15.52
1<.. 98
1<* .<•<>

13.91
13.39
12.88

12.39
11.91
11.46
11.01.
10.63
10.25
9.896
9.559
9.21.2

8.652

9.1.1
7.689
7.278
6.909
6.575
6. 271.

5.631
5.110
•.681
4.320
4.01 J

3.71.8

3.516
3.313
2.970
2.693

2.186
1.1.1
1.591
1.1.01

1.251
1.131
1.032
0.91.83
0.8161.
0.7168

0.6388
0.5761
0.1.816
0.1.137
0.3626
0.3227
0.2907
0.261.5
0.21.26
0.221.1

0.2082
0.191.1.

91.6
95.1

101.0
110.0
120.0
122.0
123.0
122.0
122.0
122.0

123.0
123.0
121..

121..

121..

126.0
128.0
129.

D

131.0
131.0

132.3
133.0
133.0
135.0
135.0
135.0
136.0
137.0
139.0
11.1.0

1<>3.0

11.6.0

150.0
153.0
157. D

161.0
166.0
170.0
175.0
181..

191..

20i>.

215.0
225.0
236.0
21.7.0

273.0
300.0
327.0
351..

381.0
1.08.0

1.35.0
1.62.0

515.0
568.0

699.0
830.
960.0
1090.0
1220.0
1350.0
11.80.0

1610.0
1870.0
2130.0

2390.0
261.0.0

3160.0
3680.0
1.200.0
•720.0
521.0.0

5760.0
6270.0
6790.0

7310.0
7830.0

21..

7

23.7
21.7
19.6
19.3
19.1
19.3
19.2
19.1

18.8
18.7
18.6

15.7
15.3
15.0

9.02
8.81.

8.67
8.53
8.1.1

8.29

8.06

7.52
7.1.1.

7.37
7.31
7.21
7.13

7.00
6.91
6.85
6.81
6.78
6.75
6.73
6.71

392.0
398.0
3 91. .0

383.0
369.0
366.0
364.
361.0
358.0
355.0

352.0
31.9.0
31.6.0
31.3.0

31.0.0

321.. o

3 09.0
291..

279.0
265.0

251.0
2 38.0
226.0
203.0
182.0
161..

11.9.0

136.0
126.0
117.0

110.0
105.0
100 .0

78.6
76.8

.0157 .290

.0161 .311
a .0176 J .331.

.0191 .357

.0 201. .380

.0206 .381.

.G2C8 .388

.0210 .392
c .0212 .397
c 211. 3 .1.01

0216 .1.05

.0218 .0 .1.09

22 ...13

22 2 a -16
.0221. .1.20

0231. .1.37

.021.1. .1.52

025". .1.65

26 5 .1.76

.0275 .1.85

28 5 .1.93

G296 .1.99

30 6 .503
0321. 3 .539
31.1 3 .512

0357 .512
37 .511
38C 3 .508
38 7 3 .505

G 39G .502

0390 .1.99

g 38 7 3 .1.97

38 2 .1.95

0376 3 .1.93

36 8 .1.92

36 .1.92

0351 .1.92

31.2 u 1.92

33 3 .1.93

0315 3 .1.96

0298 .500
0282 .505
26 7 511

0253 .517
241 524

c 22 9 .532

0201. 552
0181. .573
016 8 3 596
0151. 3 618
011.2 9 61.2

0132 3 665
012 3 688
0116 711
010 3 758
00931 SO-

00751 915
00630 1 02
0051.3 1 13
001.78 1 22
001.27 1 32
0G385 1 41
00351 1 1.9

00323 1 58
00278 1 75
01.21.1. 1 91

00218 2 07
G 00196 2 22

00161. 2 52
0011.1 2 81
00121. 3 08
00110 3 35
C00991 3 61
000902 3 86
000827 I. 10
000761. * 31.

00 710 ,, 58
000663 <» 81

1B0.0
157.0
138.

J

124.
112.0
110.0
108.0
106.0
105.0
103.0

101.0
1GC.0
98.3

57.8
58.1

66.5
67.8

105.0

117.0
131.0
143.0
156.0
168.0
179.0
190.0
201.0
223.0
244.0

265.0
285.0
323.0
360.0
395.0
429.0
462.0
494.0

586.
616.

3 .03103 1 07383
3 .00105 1 07325
3 .0JO977 1 07263
.000893 1 37194

3 .000825 1 07119
3 .030815 1 37104

000812 1 37088
.Co0821 1 07073
.000822 1 07C57
.000822 1 07342

3 001822 1 .7327
3 00C822 1 07011
.000822 1 35995

3 00L821 1 06980
; .000823 1 06964

C0C614 1 06883
.000805 1 05800
000795 1 06713
03C735 1 06625
.010775 1 06534

;; CCC765 1 36441
2 O0C755 1 06346
3 000745 1 36249
,CoC729 1 06049
000716 1 05846

3 000707 1 05641
00C7O2 1 05435

3 .00C7ol 1 05232
.030704 1 05032

3 .030711 1 04837

o .o3C722 1 C4650
j 030737 1 04470

000755 1 34299
3 .000777 1 04137

uo0803 1 C3984
3 03C827 1 03840

000855 1 03705
0J0885 1 C3577
000917 1 3 457

a .030986 1 C3238

00106 1 03044
0C114 1 02871
00122 1 02716

3 00131 1 02578
00140 1 02452
015 1 02339

J0175 1 02098
3 30203 1 01903
3 00232 1 01742

03263 1 01607
00295 1 01492
00330 1 01393
00 365 1 C1307

s o0402 1 01231
3 00481 1 01103
3 00565 1 01000

00798 1 00811
3 olC6 1 03683

0136 1 03590
0168 1 C3519
0202 1 00464
0239 1 03419
0279 1 00382
0320 1 03351

3 0412 1 30303
0513 1 00266

0624 1 03237
0744 1 00213
1C1 1 00178

a 131 1 00153
164 1 00134
20C 1 00119
239 1 00108
281 1 03098
326 1, 03390
373 1 03083

424 1 G0077
3 47t 1 03072

0.853
0.768
0.737
0.729
0.7 22
0.719
0.710
0.6 92
0.661
0.672

0.663

0.623
0.605
0.585
0.570
0.563
0.553

0.549
0.547
0.548
0.552
0.563
0.572
0.586
0.599
0.614
0.628

0.640
0.652
0.662
0.671
0.679
0.685
0.691
0.696
0.701
0.7C8

0.713
0.716
0.719
0.720
0.721
0.721

0.720
0.717
0.714
0.711
0.708
0.705
0.702
0.700
0.695
0.690

0.671
0.667
0.664
0.662
0.661
0.661
0.662
0.663
0.664
0.664

0.664
0.665
0.665
0.665
0.665
0.665
0.665
0.665
0.665
0.665

HAVE BEEN MULTIPLIED BY THE II IOICATEO FACTOR
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THERMOOYNAHIC PROPERTIES OF HELIUM It

70.0 ATMOSPHERE IS03AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE OERIVATIVE ENERGY OF SOUND

OEG. K •» X .01 CC-ATM/G ATH/K J/G J/G J/G-K J/G-K M/S

3.0 0.05002 2150.0 7.91 6.718 1.2.19 1.386 1.348 1.570 503.1
3.5 0.0501.1. 221.0.0 7.31. 7.051 1.2.83 1.606 1.311 1.528 514.2
lt.0 0.05D86 2250.0 7.51. 7.1.86 i.3.56 1.812 1.481 1.746 518.8
4.5 0. 05131 2230.0 7.75 8. 092 1.1.. 1.8 2.030 1.732 2.055 518.0
5.0 0.05180 2190.0 7.86 8.906 45. 6* 2.262 2.002 2.386 514.0
5.1 0.05190 2180.0 7.88 9. 097 1.5.91 2.309 2.053 2.449 513.3
5.2 0.05200 2170.0 7.89 9.299 1.6.13 2.357 2.083 2.491 513.2
5.3 0.05210 2160.0 7.89 9.1.78 1.6.1.3 2.1.05 2.073 2.493 513.4
5. It 0.05220 2150.0 7.90 9.658 1.6.68 2.1.52 2.089 2.521 513.0
5.5 0.05230 211.0.0 7.90 9.839 1.6.93 2.1.98 2.106 2.550 512.5

5-6 0. 0521.0 2130.0 7.90 10. 02 1.7.19 2.544 2.124 2.580 512.0
5.7 0.05250 2120.0 7.90 10.21 1.7.1.5 2.590 2.142 2.611 511.4
5.8 0.05261 2110.0 7.90 10. 40 1.7,71 2.636 2.160 2.642 510.0
5.9 0.05271 2090.0 7.89 10.59 1.7.97 2.681 2.179 2.673 510.2
6.0 0.05282 2080.0 7. 89 10.78 1.3. 2". 2.727 2.198 2.705 509.5
6.5 0.05336 2020.0 7.87 11.77 1.9.62 2.950 2.291 2.866 505.9
7.0 0.05393 1960.0 7.83 12.82 51.07 3.168 2.380 3. 027 501.9
7.5 0.051.53 1890.0 7.78 13.93 52.60 3.383 2.462 3.185 497.9
8.0 0.05515 1830.0 7.71 15.09 51.. 20 3.591. 2.537 3.339 493.8
8.5 0. 05581 1770.0 7.61. 16.30 55.88 3.802 2.605 3.490 4B9.9

9.0 0.05650 1710.0 7.55 17.56 57.63 4.006 2.667 3.637 486.0
9.5 0.05722 1650.0 7.1.1. 18. 87 5 9.1.6 4.207 2.723 3.780 482.1
10.0 0.05798 1600.0 7.33 20.23 61.35 4.406 2.774 3.919 478.3
11.0 0.05961 1500.0 7. 02 23.39 65.68 4.825 2.867 4.172 469.6
12.0 0.06136 11.00.0 6.70 26.71. 7 0.26 5.230 2.937 4.405 461.5
13.0 0.06323 1320.0 6.38 30.22 75.07 5.621 2.990 4.619 454.0
lit. 0.06521. 121.0.0 6.06 33.8". 80.11 5.999 3.029 4.813 447.2
15.0 0.06737 11SC0 E. 71. 37.55 85.33 6.363 3.058 4.983 441.2
16.0 0.06961. 1130.0 5.1.1. ill. 00 90.1.0 6. 690 3.083 5.143 436.9
17.0 0.07201. 109C.0 5.15 44.51 95.61 7.006 3.102 5.279 433.5

18.0 0.071.51. 1060.0 it. 88 1.8.07 100.9 7.311 3.118 5.393 430.6
19.0 0.07715 101.0.0 4.61 51.67 106.it 7.605 3.131 5.486 428.9
20.0 0.07981. 1020.0 It. 37 55.28 111.9 7.888 3.141 5.561 427.7
21.0 0.08261 1010.0 4.14 58.91 117.5 8.161 3.150 5.620 427.2
22.0 0.085<tl. 1000.0 3.93 62.55 123.1 6.1.21. 3.157 5.666 427.2
23.0 0.08833 1000.0 3.71. 66.18 128.8 8.676 3.163 5.700 427.6
21.. 0.09126 1000.0 3.56 69.82 131..

5

8.919 3.169 5.725 428.8
25.0 0.091.23 1010.0 3.1.0 73.1.1. 14 0.3 9.151. 3.173 5.742 430.1
26.0 0.09723 1020.0 3.21. 77. 06 11.6.0 9.379 3.178 5.754 431.8
28.0 0.1033 101.0.0 2.97 a <t. 27 157.5 9.306 3.184 5.763 435.9

30.0 0.1095 1060.0 2.71. 91.43 169.1 10.20 3.189 5.759 440.8
32.0 0.1157 1090.0 2.51. 98.51. 180.6 1C.57 3.193 5.747 446.1
34. 0.1219 1120.0 2.36 105.6 192.1 10.92 3.196 5.730 451.9
36.0 0.1281 1160.0 2.21 112.6 203.5 11.25 3. 198 5.709 458.0
38.0 0.131.1. 1200.0 2.07 119.6 211..

9

11.56 3.199 5.687 464.2
40.0 0.11.06 1230.0 1.95 126.5 226.2 11.85 3.199 5.664 470.6

".5.0 0.1562 1330.0 1.70 11.3.6 25 it.it 12.51 3.199 5.608 486.7
50.0 0.1717 li ".0.0 1.51 160.6 282.3 13.10 3.196 5.555 503.0
55.0 0.1871 151.0.0 1. 35 177.3 310.0 13.63 3.193 5.509 519.0
60. 0.2021. 1650.0 1.23 193.9 337.1. 14.11 3.190 5.469 534.8
65.0 0.2176 1750.0 1.12 210.3 361..

7

14.54 3.186 5.435 550.2
70.0 0.2328 1860.0 1. Oi. 2 26. 7 391.8 14.94 3.183 5.405 565.3
75.0 0.2i»79 1960.0 0.962 21.2.9 1.18.7 15.32 3.180 5.380 580.1
80.0 0.2629 2070.0 0.897 259.1 1.1.5.6 15.66 3.177 5.358 594.5
9C.0 0.2928 2280.0 0.792 291.3 1.99.0 16.29 3.171 5.323 622.4
100.0 0.3225 21.90.0 0.709 323.3 552.1 16.85 3.166 5.297 649.1

125.0 0.3961. 300C.O 0.563 1.02.8 68 3.9 18.03 3.157 5.255 711.5
150.0 0.1.698 3510.0 0.1.67 1.81.7 815.0 18.98 3.150 5.231 769.0
175.0 0.51.3 1.020.0 0. 399 560.1. 91.5.5 19.79 3.145 5.218 822.5
200.0 0.6161 1.530.0 0.31.9 638.9 1076.0 20.48 3.142 5.209 872.7
225.0 0.68 9 2 501.0.0 0.310 717.2 1206.0 21.10 3.139 5.203 920.3
250.0 0.7622 5550.0 0.279 795.5 1336.0 21.65 3.137 5.200 965.5
275.0 0.8351 6060.0 0.251. 873.7 11.66. 22.14 3.135 5.197 1009.0
300.0 0.9091 6570.0 0.232 951.8 1596.0 22.59 3.134 5.195 1050.0
35 0.0 1.05.. 7580.0 0.199 1108.0 1856.0 23.39 3.131 5.193 1129.0
1.00.0 1.200 86 0.0 0.171. 1261.. 2115.0 24.09 3.130 5.192 1202.0

1.5 0.0 1.31.6 96 2 0.0 0.155 11.20. 2375.0 24.70 3.129 5.191 1271.0
500.0 1.1.92 10600.0 0.139 1576.0 2631.. 25.25 3.128 5.190 1337.0
600.0 1.781. 12700.0 0.116 1888.0 3153.0 26.19 3.126 5.190 1460.0
700.0 2.076 11.7 0.0 0.1CO 2200.0 3672.0 26.99 3.125 5.190 1573.0
800.0 2.368 16700.0 0. 0873 2512.0 1.191.0 27.68 3.124 5.190 1679.0
900.0 2.660 18600.0 0. 0776 2821.. 1.710.0 28.30 3.124 5.190 1778.0

1000.0 2.95 2 20800.0 0. 0698 3136.0 5229.0 28.84 3.123 5.190 1872.0
1100.0 3.21.1. 2 29 . 0.0635 31.1.7.0 571.8.0 29.34 3.123 5.191 1962.0
1200.0 3.536 21.900.0 0. 0582 3759.0 6 26 7.0 29.79 3.123 5.191 2048.0
1300.0 3.829 26900.0 0. 0537 1.071. 6787.0 30.20 3.122 5.191 2130.0

11.00.0 It. 121 29000.0 C. 0W99 1.383. 7306.0 30.59 3.122 5.191 2210.0
1500.0 It. 1.13 31000.0 0. 01.66 1.695. 7825.0 30.95 3.122 5.191 2286.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN IAVE BEEN MULTIPLIED BY INDICATED FACTOR
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70.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUH 4

TEMPERATURE -V(OP/OVI (0V/0T1/V THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

HW/CM-K G/CM-S SQ-CM/S
•• X 1000000

3.0 19.99 85.1 29.4 *29.0 0.018* 0.303 217.0 0.030966 1.07571 1.12
3.5 19.83 92.

4

28.2 *** . . 16 5 0.325 185.0 C.001C7 1.07506 0.870
*.o 19.65 103.0 25.9 **3.0 0.017 0.3*9 161.0 0.00102 1.07**2 0.807
..5 19.49 115.0 23.0 *35.0 0.017 8 3.373 1*3.0 0.080931 1.37376 0.785
5.0 19.31 128.0 20.3 ".23.0 0.0186 3.397 128.0 0.000861 1.0 7 30

5

0.770
5.1 19.27 131.0 19.9 *20.0 0.0168 0.*01 125.0 . 85 1.07290 0.766
5.2 19.23 132.0 19.7 418.0 0.0189 3. .06 123.0 0.0006*7 1.07275 0.755
5.3 19.19 131.0 19.8 *15.0 0.0190 0.*10 121.0 0.000858 1.07261 0.73*
5.4 19.16 132.0 19.7 *12.0 0.3191 0.*15 119.0 0.000859 1.072*7 0.722
5.5 19.12 132.0 19.6 * 1)9.0 0.3193 3.*19 117.0 0.000 860 1.07233 0.710

5.5 19.03 133.3 19.5 *C6.0 0.019* 0.*2* 115.0 0.000860 1.07219 0.699
5.7 19.05 133. C 19.* *C3.0 0.0196 0.*28 113.0 8.000 860 1.0720* 0.669
5.8 19.01 134. 19.2 403.0 0.019 7 0.032 111.0 0.00086u 1.07193 0.680
5.9 18.97 135.

C

19.1 397.0 0.0199 0.*36 109.0 3.000860 1.07175 0.671
6.0 18.93 135.3 19.8 39*. 0.0 20 0.440 108.0 0.000859 1.07161 0.662
6.5 18.71. 138.0 18.3 378.0 0.0238 0.*59 101.0 0.0 00 85* 1.07086 0.628
7.0 18.5, 1<0.3 17.7 363.0 0.0216 0.*75 94.6 0.0038*6 1.07010 0.603
7.5 18.34 1*2.0 17.2 3*7.0 0.0 22* 0.*89 89.6 0.000638 1.06932 0.583
8.0 18.13 144.0 16.8 332.0 0.0233 3.502 85.5 3.003828 1.06851 0.569
8.5 17.92 1*5.0 16.* 317.0 0.0 2*1 0.512 81.9 0.000819 1.06769 0.558

9.0 17.70 1*6.0 16.0 303. 0.0 2*9 0.521 78.9 0.000 80 9 1.0668* 0.551
9.5 17.1.8 1*7.0 15.6 289.0 0.0258 0.528 76.3 3.000799 1.06598 0.547

10.0 17.25 1*7.0 15.3 276.0 0.0 26 6 0.533 7*.0 0.000789 1.06513 0.544
11.0 16.78 1*9.0 14.6 251.0 . 28 0.5*1 70.3 0.000773 1.86329 0.543
12.0 16.30 150.3 1*.0 228.0 0.0293 0.5*5 67.6 0.000759 1.061*5 0.546
13.0 15.81 151.8 13.5 2CS .0 0.0 30 6 0.5*7 65.5 3.0007*8 1.35963 0.554
14.0 15.33 151.0 13.0 190 .0 0.0 318 0.5*6 6*.0 0.0007*1 1.35774 0.563
15.0 11.. 81. 152.3 12.6 175.0 0.0328 0.5*5 62.8 0.000736 1.05588 0.574
16.0 14.36 153.0 12.3 162.0 0.0 33 5 0.5*2 61.9 0.00073* 1.05*02 0.587
17.0 13.88 155.3 12.0 151.0 0.33*0 0.539 61.3 0.000736 1.05223 0.600

18.0 13.41 157.8 11.7 1*2.0 . 3* 3 0.536 60.9 0.0007*1 1.053*2 0.613
19.0 12.95 160.3 11.* 13*. 0.0 3** 0.5 33 60.7 0.000750 1.0*869 0.624
20.0 12.52 163.3 11.1 123.0 0.0 3*2 3.531 60.6 C.O0C762 1.0*702 0.635
21.0 12.11 166.0 10.9 122.0 0.0339 0.528 60.7 0.000777 1.0*5*3 0.645
22.0 11.70 169.0 10.6 117.0 0.0335 0.527 60.8 C. 030794 1.0*390 0.654
23.0 11.32 173.0 10.* 113.0 0.0 33 0.5 25 61.0 0.00061* 1.0*2*5 0.662
24.0 10.95 177.0 10.3 110.0 0.0323 0.52* 61.3 0.003836 1.0*107 0.669
25.0 10.61 181.0 10.1 107.0 0.0 317 0.52* 61.6 0.0 00 660 1.33976 0.676
26.0 10.28 1B6.3 9.92 105.0 0.0 310 3.52* 62.0 0.003885 1.03852 0.681
28.0 9.680 195.0 9.6* 103.0 0.0296 0.525 62.9 0.0009*1 1.03623 0.691

30.0 9.136 20*. 9.39 97.0 0.C2S2 0.527 63.9 0.00100 1.03*17 0.698
32.0 8.6.6 21*. 9.18 9* .* Co 26 9 0.531 65.0 J. 00107 1.03232 0.7C3
3 4.0 8.205 22*. 9.00 92.3 0.0 25 6 0.536 66.1 0.0011* 1.03065 0.708
36.0 7.805 23*. 8.8* 90.5 0.02** 0.5*1 67.3 0.00121 1.02915 0.711
38.0 7.1.1.2 2*5.0 8.69 89.0 0.0232 0.5*7 68.5 0.00129 1.02778 0.713
»0.0 7.112 255.0 8.57 87.8 O.0222 0.553 69.7 C.Oul 37 1.0265* 0.71*

*5.0 6.1.03 282.0 8.30 85.* 0.0199 0.572 72.9 0.00159 1.02387 0.715
50.0 5.825 309.0 8.09 63.7 3.0180 3.591 76.0 0.00163 1.02170 0.714
55.0 5.31.5 336.0 7.93 82.* . C 16 * 0.613 79.2 O.OG208 1.01991 0.712
60.0 4.9*1 362.0 7.79 81.* 0.0151 3.63* 82.3 0.0 0235 1.01839 0.710
65.0 4.595 389.0 7.68 80.5 0.01*0 0.657 85.* 0.0C263 1.31713 0.707
70.0 l> .296 1.16.0 7.58 79.8 0.013J 0.679 B8.5 0.00293 1.31598 0.70*
75.0 4.034 i.*3.0 7.5C 79.2 0.0121 0.702 91.5 0.00323 1.01533 C.7C1
80.0 3.801. 1.70.0 7.*3 78.7 0.011* 0.725 94.5 0.00356 1.01*1* 0.699
90.0 3.1.16 523.0 7.31 77.8 0.0102 0.770 100.0 0.00*2* 1.01269 0.694
10O.0 3.101 576.0 7.22 77.1 0.00920 3.815 106.0 0.00*96 1.01152 0.690

125.0 2.523 707.0 7.06 75.7 0.ui)7*3 3.926 118.3 CO 0698 1.03937 0.671
150.0 2.129 838.0 6.96 7*. 8 0.0062* 1.03 131.0 0.00927 1.03790 0.666
175.0 1.81.2 968.0 6.90 7*.l 0.00539 1.13 144.0 0.0118 1.00683 0.663
200.0 1.623 1U0.0 6.85 73.6 0.03*7* 1.23 156.0 j. 01*6 1.00602 0.662
225.0 1.1.51 1230.0 6.81 73.2 0.00*2* 1 .32 16 8.0 0.0175 1.00538 0.661
250.0 1.312 1360.0 6.78 72.8 0.00383 1.41 180.0 0.0207 1.33*86 0.660
275.0 1.197 1*90.0 6.75 72.6 0.003*9 1.50 191.0 0.0 2*1 1.03**4 0.661
300.0 1.101 1620.0 6.7* 72 .3 0.00321 1.58 20 2.0 0.0277 1.00*08 0.662
350.0 0.9.88 1880.0 6.71 72.0 0.00277 1.75 224.0 0.0355 1.00352 0.663
1.00.0 0.8331. 2130.0 6.68 71.7 0.002*3 1.91 245.3 0.0**2 1.00309 0.66*

1.50.0 0.71.31 2390.0 6.67 71.5 0.00217 2.07 265.0 0.0537 1.03275 0.66*
500.0 0.6701. 2650.0 6.65 71 .3 0.03196 2.23 285.3 0.06*C 1.03248 0.664
600. 0.5606 3170.0 6.63 71.0 0.0016* 2.53 323.0 0.3866 1.03206 0.665
70 0.0 0.1.318 3690.0 6.62 73 .9 *.001*1 2.81 36 3.0 0.112 1.03178 0.665
800.0 0.1.221. *210.0 6.61 70 .7 0.00123 3.06 395.0 8.1*1 1.00156 0.665
900. 0.3760 *730 .0 6.60 73.6 o.oaiia 3.35 429.0 0.172 1.00139 0.665
1000.0 0.3388 52*0.0 6.6C 70.5 0.030990 3.61 462.3 0.205 1.03125 0.665
1130.0 0.3383 5760.

J

6.59 70.5 0.0009C1 3.86 494.0 0.241 1.00114 0.665
1200.0 0.2828 6280.0 6.59 73 .* 0.000826 4.10 526.0 3.260 1.00105 0.665
1300.0 0.2612 6803.0 6.59 70.* 0.000763 *.3* 557.0 3.323 1.30097 0.665

1«0 0.0 0.21.27 7320.0 6.59 70.3 C. 000739 *.58 587.0 3.363 1.33090 0.665
1500.0 0.2266 78*0.0 6.58 70.3 0.000662 4.81 616.0 0.409 1.0008* 0.665

• THO-PHASE BOUNOARY
•• NUH3ERS IN THIS 30LUMN HAVE BEEN MULTIPLIED BY INOICATEO FACTOR
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THERMODYNAMIC PRCPERTIFS CF HELIUM l>

80. D STHOSPHERE IS09AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTFRNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNC

Df G. K *• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

3.5 0.01.936 21.0 0.0 3.53 7.550 47.56 1.515 1.319 1.581 539.9
4.

a

0.01.978 21.1.CO 8.26 7.951 48.31 1.725 1.463 1.744 543.2
4.5 0.05021 21.1.0.0 8.25 8.523 49.22 1.940 1.710 2.031 541.5
5.0 0.05066 21.00.0 8.23 9.305 50.37 2.169 1.983 2.350 537.1
5.1 0. 05075 21.00.0 8.23 9.490 50.63 2.216 2.035 2.411 536.3
5.2 0.05381. 2390.0 8.23 9.687 50.90 2.263 2.065 2.450 536.2
5.3 0.05093 2380.0 8.22 9. 859 51.15 2.309 2.056 2.451 536.4
5.". 0.05102 2370.0 8.21 10.03 51.39 2.355 2.072 2.477 536.0
5.5 0.05111 2360.0 8.20 10.21 51.64 2.401 2.090 2.504 535.6
5.6 0. 05120 2350.0 8.19 10.36 51.89 2.446 2.108 2.532 535.0

5.7 0. 05130 231.0.0 8.19 10.56 52.14 2.492 2.126 2.561 534.5
5.8 0.05139 2330.0 8.18 10.74 52.40 2.536 2.145 2.590 533.9
5.9 0.0511.8 2320.0 8. 17 10.93 52.66 2.581 2.164 2.620 533.3
6.0 0.05157 2310.0 8. 16 11.11 52.92 2.625 2.183 2.650 532.6
6.5 0.05206 2250.0 8.13 12. 07 54.27 2.844 2.277 2.802 529.2
7.0 0.05256 2180.0 8.09 13.08 55.68 3.057 2.366 2.953 525.5
7.5 0.05308 2120.0 8.05 14. 15 57.17 3.266 2.448 3.102 521.8
8.0 0.05363 2060.0 8.00 15.26 58.73 3.471 2.523 3.248 518.1
8.5 0. 051.20 2000.0 7.94 16.43 60.36 3.673 2.591 3.390 514.5
9.0 0.05*80 191.0.0 7.87 17.64 62.06 3.871 2.654 3.529 510.9

9.5 0.0551.2 1880.0 7.79 18.90 63.82 4.067 2.710 3.664 507.5
10.0 0.05607 1830.0 7.69 20.20 65.66 4.259 2.762 3.795 504.1
11.0 0.05747 1720.0 7.41 23.28 69.86 4.667 2.856 4.032 496.0
12.

o

0.05896 1620.0 7.13 26.52 74.31 5.060 2.928 4.251 488.6
13.0 0.06051. 1530.0 6.83 29.91 78.98 5.440 2.984 4.452 481.5
11.. 0.06222 11.50.0 6.53 33.42 83.85 5.806 3.026 4.636 474.9
15.0 0.061.00 1380.0 6.22 37. 04 88.92 6.159 3.057 4.802 469.0
16.0 0.06589 1320.0 5.94 40. 39 93.80 6.474 3.084 4.961 464.5
17.0 0.06789 128C.0 5.66 43.80 98.83 6.779 3.105 5. 102 460.7
18.0 0.06998 1230.0 5. 39 47. 27 104.0 7.074 3.122 5.223 457.5

19.0 0.07216 1200.0 5. 13 50.78 109.3 7.359 3.135 5.327 455.0
20. a . 071.1.2 1180.0 4.88 54. 32 114.6 7.635 3.145 5.414 453.2
21.0 0.07675 1160.0 4.64 57.88 120.1 7.901 3.154 5.486 45 2.0
22.0 0.07911. 1150.0 4.42 61.46 125.6 8.157 3.161 5.545 451.3
23.0 0.08158 111.0.0 4.22 65. 05 131.2 8.405 3.167 5.593 451.2
24.0 0.081.07 1130.0 4. 03 68.65 136.8 8.644 3.173 5.630 451.5
25.0 0.08660 1130.0 3.85 72.24 142.4 8.874 3.178 5.659 452.2
26.0 0.08916 111.0.0 3.68 75. 83 148.1 9.097 3.182 5.681 453.2
28.0 0.091.37 1150.0 3.38 83.01 159.5 9.519 3.188 5.709 456.1
30.0 0.0997 1170.0 3.12 90.15 170.9 9.913 3.194 5.720 459.9

32.0 0.1050 1190.0 2.90 97.26 182.4 10.28 3.198 5.720 464.4
3 <>.

a

0.1101. 1220.0 2.70 104.3 193.8 1C.63 3.201 5.712 469.4
36.0 0.1158 1250.0 2.53 111.4 205.2 1C.96 3.203 5.700 474.7
38.0 0.1212 1280.0 2.37 118.3 216.6 11.26 3.205 5.684 460.3
1.0.0 0.1267 1320.0 2.23 125.3 228.0 11.55 3.206 5.667 486.0

1.5.0 0.11.0 2 11.10.0 1.95 142.5 256.2 12.22 3.206 5.619 501.0
50.0 0.1538 1510.0 1.73 159.5 284.1 12.81 3.204 5.571 516.2
55.0 0.1673 1610.0 1.55 176.3 311.9 13.34 3.202 5.527 531.4
60.0 0.1307 1720.0 1.41 193. 339.4 13.82 3.198 5.468 546.5
65.0 0.191.0 1820.0 1.29 209.5 766.8 14.25 3.195 5.453 561.4
70.0 0.2073 1930.0 1. 19 225.9 394.0 14.66 3.191 5.423 576.0
75.0 0.2205 2030.0 1. 10 242. 3 421.0 15.03 3.188 5.397 590.3
80.0 0.2337 2140.0 1.03 258.5 447.9 15.38 3.184 5.374 604.3
90.0 0.2599 2340.0 0.907 290.8 501.5 16.01 3.178 5.337 631.5

100.0 0.2859 2550.0 0. 811 323. 554.7 16.57 3.173 5.309 657.7

125.0 0. 3536 3070.0 0.643 402.6 686.8 17.75 3.162 5.262 719.1
15 0.0 0.1.11.8 3580.0 0.534 481.7 818.0 18.71 3.155 5.236 775.7
175.0 0.1.739 1.090.0 0.456 560.5 948.7 19.51 3.149 5.221 828.6
200.0 0.51.29 46 0.0 0.399 639.0 1079.0 20.21 3.145 5.211 878.4
225.0 C.606S 5100.0 0.354 717.4 1209.0 20.82 3.142 5.205 925.5
25 0.0 0.6706 5610.0 0.319 795.7 1339.0 21.37 3.140 5.200 570.4
275.0 0.731.1. 6120.0 0. 290 874. 1469.0 21.86 3.138 5.197 1013.0
300.0 0.7982 66 3 0.0 0.265 952.2 1599.0 22.32 3.136 5.195 1055.0
35 0.0 0.9258 761.0.0 0.228 1108. 1859.0 23.12 3.134 5.193 1133.0
400.0 1.053 8660.0 0.199 1265.0 2118.0 23.81 3.132 5.191 1206.0

1.5 0.0 1. 181 9670.0 0.177 1421. 2 37 8.0 24.42 3.130 5.191 1275.0
500.0 1.309 10700.0 0.159 1577.0 2638.0 24.97 3.129 5.190 1340.0
600.0 1.561. 12700.0 0.133 1389. 3157.0 25.92 3.128 5. 190 146 3.0
700.0 1.819 1*800.0 0- 114 2201. 3675.0 26.72 3.127 5.190 1575.0
800.0 2.075 16800.0 0.100 2513. 4194.0 27.41 3.126 5.190 1681.0
900.0 2.33 188GO.0 0. 0886 2825.0 4713.0 28.02 3.125 5.190 1780.0

1000.0 2.58 6 20900.0 0. 0798 3136. 5232.0 28.57 3.125 5.190 1874.0
1100.0 2.81.1 22900.0 0. 0725 3448. 5 751.0 29.06 3.124 5.190 1964.0
1200.0 3.097 2 4900.0 0.0665 3760.0 6270. C 29.51 3.124 5.190 2049.0
1300.0 3. 353 27000.0 0.0614 4 72.0 6790.0 29.93 3.123 5.191 2132.0

11.00.0 3.603 29000.0 0.0570 4384.0 7309.0 30.31 3.123 5.191 2211.0
1500.0 3.361. 31100.0 0.0532 4696.0 7828.0 30.67 3.123 5.191 2287.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUH HAVE DEEN MULTIPLIED BY THE II DICATED FACTOR
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8 0.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OENSITV VIOH/OV)
p

V(OP/OUI

DEG.K G/CC
•• X 100

J/3 ATM-CC/J

3.5 20.26 90.2 31.9
4.(1 20.09 1O4.0 28.1
It.

5

19.92 119.3 24.2
5.0 19.71. 135.0 21.0
5.1 19.70 138.0 20.5
5.2 19.67 140.0 20.3
5.3 19.63 139.0 20.4
5.1. 19.60 14O.0 20.2
5.5 19.56 141.0 20.1
5.6 19.53 142.0 19.9

5.7 19. 49 143.0 19.7
5.8 19.1.6 144.0 19.6
5.9 19.42 144.0 19.4
6.0 19.39 145.0 19.3
6.5 19.21 149.0 18.6
7.0 19.03 152.0 18.0
7.5 18.8". 154.0 17.4
8.0 18.65 156.0 17.0
8.5 18.1.5 157. C 16.6
9.0 18.25 159.0 16.2

9.5 18.01. 160.0 15.9
10.0 17.83 161.0 15.6
11.0 17 .40 163.0 14.9
12.0 16.96 164.0 14.3
13.0 16.52 165.0 13.9
14.0 16.07 166.0 13.4
15.0 15.63 167.0 13.0
16.0 15.18 168.0 12.7
17.0 14.73 169.0 12.4
18.0 14.29 171.0 12.1

19.0 13.86 173.0 11.8
20.0 13.44 176.0 11.5
21.0 13.03 178.0 11.3
22.0 12.64 182.0 11.1
23.0 12.25 185.0 10.9
24.0 11.89 189.0 10.7
25.0 11.55 192.0 10.5
26.0 11.22 197.0 10.3
28.0 10.60 205.0 10.0
30.0 10.03 214.0 9.75

-VIOP/OVI 10V/OT1/V THERMAL VISCOSITY THERMAL
p CONDUCTIVITY OIFFUSIVITY

ATM 1/OEG.K MH/CH-K G/CM-S SO-CM/S
•• X 1000000

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
400.0

450.0
500.0
630.0
700.0
800.0
9u0.0
1000.0
1100.0
1200.0
1300.0

1430.0
150 0.0

8.636
8.249
7.896

7.131
6.503
5.979
5.535
5.154
4.824
4.535
4.2B0
3.848

224.0
234.0
244.0
254.0
264.0

290.0
317.0
344.0
371.0
398.0
424.0
451.0
478.0

2 088 977
1 .842 1110
1 648 1240
1 491 1370
1 362 1500
1 .253 1620
1 .030 1880
.9493 2140

,8467 2430
.7641 2660
.6394 3180
.5497 3700
^4820 4210
.4291 473J
.3867 5250
3519 5770
.3229 6290
.2983 6810

.2771 7330

.2588 7840

8.83

8.53
8.30
8.11
7.95
7.82
7.72
7.62
7.54

491.0
485.0

456.0
453.0
450.0
447.0
432.0
416.0
400.0
384.0
369.0
354.0

339.
326.
299.
275.
253.

167.
158.
151.
145.
139.
135.
131 .

127.
122.
117.

81.1
81.0
80.8
83 .7

80.6
80.6

0.0175
0.016 8

. 17

0.0174
0.017 4

0.0175
0.017 6

0.0177
. 17 7

0.017 8

0.017 9

0.018
0.0 181
0.018 2

0.318 8

0.0195
0.0 201
0.0 20 8

0.0215
0.0223

CO 23 3

0.0236
0.0 24 8

0.0259
0.0270
0.0 27 9
0.0 28 8

0.0 29 6

0.0 301
0.0 30 5

0.0 30 8

0.0 30 8

0.0307
0.0 30 5

. 30 2

0.0299
CO 29 4

0.0289
0.0278
0.0267

0.0256
0.0245
0.0234
0.0 22 4

0.0 215

0.0193
0.0176
0.0161
0.014 8

0.013 7

0.0128
. 12

0.3112
0.0100
U.009o9

0.00735
0.00619
0.00535
0.00471
u. 03421
0.00381
0.35348
0.00323
C. 00276
0.30242

0.00216
0.03195
0.03163
0.00140
0.00123
0.03113
0.000988
0. 000900
0.000825
0.000763

0.C00739

0.339
0.363
0.388

0.479
0.497
0.512
3.525
3.537
0.547

0.554
3.561
0.570
0.576
0.578
0.579
0.578
0.5 76
0.573
0.570

0.567
0.564
0.562
0.559
0.557
0.556
0.555
0.554
0.553

0.591
0.610
0.629
0.650
0.672
0.693
0.715
0.738
.782

0.827

218.0

145.0
142.0
139.0
137.0
134.0
131.0
129.0

127.0
125.0
123.0
121.0
112.0
105.0
99.0

83.2
83.5

72.9
70.4

67.2
68.2
69.3

77.7
60.7
83.8
86.8
89.8
92.8
95.8

119.0
132.

C

145.0
157.0
169.0
180.0
191.0
202.0
224

265.0
285.0
324.0
360.0
395.0
429.0
462.0
495.0
526.0
557.3

00106 1 07674
00104 1 07607
000960 1 07541
OOC890 1 07473
000880 1 7 459
000877 1 07445
00l888 1 07432
G0C690 1 07418
000892 1 07435
000893 1 07391

000893 1 07378
00C893 1 07364
000893 1 07351
0J0893 1 07337
000890 1 07268
300884 1 37197
000876 1 07125
000868 1 07050
000858 1 06974
000849 1 06897

030839 1 06817
000829 1 06736
000813 1 06569
000799 1 6 401
000787 1 06230
001777 1 06059
000771 1 05888
000765 1 05715
00C763 1 05544
300764 1 05376

030769 1 05211
000776 1 05050
030786 1 04895
000798 1 04745
000813 1 04601
000833 1 04463
000849 1 04331
00C869 1 04205
000915 1 397

0966 1 03757

03102 1 03564
00108 1 03388
00115 1 03228
00121 1 03382
00129 1 02949

00148 1 02661
3 03168 1 02425

00190 1 02228
00214 1 02362
00239 1 01919
00265 1 01796
00292 1 01687
00321 1 01592
00381 1 01431
00445 1 01300

3 623 1 01059
0C824 1 03895

j 0115 1 03775
0129 1 03683
0155 1 33611
0183 1 00553
0213 1 03505
0244 1 03464
0313 1 03400
0389 1 CO 35 2

0472 1 00314
u 0562 1 00283

0762 1 03237
3986 1 C0204
123 1 00179
151 1 00159
180 1 00143

3 211 1. 03130
245 1 C3120

c 281 1 03113

3 318 1 00103
358 1 00096

PRANOTL
NUHBER

1.02
0.896
0.854
0.8 27

0.820
0.807
0.783
0.768
0.754
0.741

0.729
0.717
0.707
0.697
0.655
0.624
0.600
0.561
0.567
0.557

0.550
0.545
0.5 39
0.538
0.542
0.548
0.557
0.568
0.579
0.591

0.602
0.613
0.623
0.632
0.641
0.649
0.656
0.663
0.674
0.683

0.690
0.696
0.700
0.704
0.706

0.7C9
0.710
0.709
0.707
0.705
0.703
0.7C0
0.698
0.693
0.6 89

0.670
0.666
0.663
0.661
0.660
0.660
0.660
0.661
0.662
0.663

0.663
0.664
0.664
0.665
0.665
0.665
0.665
0.665
0.665
0.665

.665

.665

MULTIPLIED BY THE INOICATEO FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM It

90.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

3.5 0.0*3.59 2550.0 10.0 8. 053 52.18 1.421 1.365 1.690 565.1
l>. Q 0.011662 2620.0 9.12 8.433 52.96 1.639 1.467 1.774 566.5
it.

5

0. 0lt92it 2630.0 8. 81 8.980 53.88 1.856 1.704 2.031 563.4
5.0 0. 0f)6b 2610.0 8.63 9.7 39 55.02 2.083 1.975 2.332 558.5
5.1 0.0lt97lt 26 0.0 8.61 9.919 55.28 2.130 2.027 2.391 557.6
5.2 0.01.983 2600.0 8.59 10. 11 55.55 2.176 2.056 2.427 557.4
5.3 0. 34991 2590.0 8.56 10.28 55.79 2.222 2.047 2.426 557.6
5. it 0.01.999 2580. 8.53 10.45 56.04 2.268 2.064 2.450 557.2
5.5 0.05006 2570.0 8.51 10.62 56.28 2.313 2.081 2.475 556.7
5.6 0.05316 2560.0 8.49 10.79 56.53 2.358 2.099 2.500 556.2

5.? 0.05021. 2550.0 8.47 10.96 56.78 2.402 2.117 2.527 555.7
5.S 0.05033 2540.0 8.45 11.14 57.03 2.447 2.136 2.554 555.1
5.9 0.050ltl 2530.0 8.44 11.31 57.28 2.491 2.155 2.582 554.5
6.0 0.05050 2520.0 8.42 11.49 57.54 2.534 2.174 2.610 553.8
6.5 0.05093 2460.0 8.36 12.42 58.87 2.749 2.267 2.752 550.5
7.0 0-05138 2400.0 8.32 13.40 6 0.26 2.958 2.355 2.694 547.0
7.5 0.05181. 2340.0 8.28 14.44 61.71 3.163 2.436 3.035 543.5
6.0 0.05233 2280.0 8.25 15.52 63.24 3.364 2.510 3.173 540.1
6.5 0.05281. 2220.0 8.20 16.64 64.83 3.561 2.578 3.308 536.9
9.0 0.05336 2160.0 8.15 17.82 66.48 3.754 2.640 3.440 533.7

9.5 0.05392 210 0.0 8.09 19.0 3 68.20 3.944 2.697 3.569 530.5
10.0 0.05iHt9 204D.0 8.01 20.29 69.98 4.131 2.750 3.695 527.4
11.0 0.05571 1940.0 7. 76 23.29 74.09 4.530 2.844 3.920 520.1
12.0 0.05701 1840.0 7.50 26.45 78.43 4.915 2.919 4.127 513.2
13.0 0.05838 1750.0 7.22 29.75 82.99 5.285 2.977 4.319 506.5
llt.O 0.05962 1660.0 6.94 33. 18 87.74 5.642 3.022 4.494 500.3
15.0 0.06135 1580.0 6.65 36.73 92.67 5.986 3.055 4.653 494.5
16.0 0.06297 1520.0 6.39 39.98 97.40 6.291 3.084 4.811 490.0
17.0 0. 06468 1460.0 6.12 43.30 102.3 6.587 3.107 4.951 486.0
16.0 0.066lt7 1420.0 5.85 46.69 107.3 6.874 3.125 5.076 482.6

19.0 0.06833 138C.0 5.59 50.12 112.4 7.151 3.139 5.185 479.7
20.0 0.07026 134C.0 5.35 53.59 117.7 7.420 3.150 5.279 477.4
21.0 0.07226 1320.0 5. 11 57. 09 123.0 7.679 3.158 5.360 475.7
22.0 0.071.31 1300.0 4. 88 60.61 128.4 7.930 3.166 5.429 474.5
23.0 0.0761.2 1280.0 4.67 64.15 133.8 8.173 3.172 5.486 473.8
24.0 0.37857 1270.0 4.47 67.70 139.3 8.407 3.177 5.534 473.5
25.0 0.08076 1260.0 4.28 71.26 144.9 8.634 3.182 5.573 473.6
26.0 0.08298 1260.0 4.10 74.82 150-5 8.853 3.186 5.604 474.1
26.0 0.08751 1260.0 3.78 81.94 161.7 9.270 3.193 5.648 476.0
30.0 0.09213 1280.0 3.50 89. 06 173.1 9.661 3.198 5.674 478.9

32.0 0.09681 1290.0 3.25 96. 15 1S4.4 10.03 3.203 5.685 482.5
3 It. 0.1015 1320.0 '.03 103.2 195.8 10.37 3.206 5.668 486.7
36.0 0.1063 1350.0 2.84 110.2 20 7.2 10.70 3.209 5.683 491.3
38.0 0.1111 1360.0 2.67 117.2 218.5 11.00 3.210 5.674 496.3
1.0.0 0.1159 1410.0 2.52 124.2 229.9 11.30 3.212 5.662 501.5

it5.0 0.1279 1500.0 2.20 141.4 258.1 11.96 3.213 5.623 515.2
50.0 0.1399 1590.0 1.95 158.5 286.1 12.55 3.212 5.582 529.4
55.0 0.1519 1690.0 1.75 175.4 313.9 13.06 3.209 5.541 543.6
60.0 0.1638 1790.0 1.59 192.1 341.5 13.56 3.206 5.503 558.2
65.0 0.1757 1890.0 1.45 208.7 368.9 14.00 3.203 5.469 572.5
70.0 0.1875 2000.0 1. 34 225.2 396.2 14.40 3.199 5.439 566.6
75.0 0.1992 2100.0 1.24 241.6 423.3 14.76 3.196 5.412 600.5
60.0 0.2109 2210.0 1. 16 258. 450.3 15.13 3.192 5.388 614.1
90.0 0.231.3 2410.0 1.02 290.4 504.0 15.76 3.186 5.350 640.6
100.0 0.257it 2620.0 0.914 322.6 557.4 16.32 3.180 5.320 666.2

125.0 0.3149 3130.0 0.724 402.4 689.7 17.50 3.168 5.270 726.6
150.0 0.37 21 364 0.0 0.600 481.7 821.0 18.46 3.160 5.241 782.5
175.0 0.4290 4150.0 0.513 560.6 951.8 19.27 3.154 5.224 834. 8

200.0 0.4859 4660.0 0.448 639. 2 1082.0 19.96 3.149 5.213 864.0
225.0 0.5426 5170.0 0. 398 717.7 1213.0 20.58 3.146 5.206 930.8
25 0.0 0.5994 5670.0 0.358 796. 1343.0 21.13 3.143 5.201 975.3
27 5.0 0.6561 6160.0 0.326 674.3 147 3.0 21.62 3.141 5.198 1018.0
300.0 0.7127 6690.0 0.298 952.5 1603.0 22.07 3.139 5.196 1059.0
35 0.0 0.8261 7700.0 0.256 1109. 1862.0 22.87 3.136 5.193 1137.0
i.OC.0 0.9395 8710.0 0.224 1265.0 2122.0 23.57 3.134 5.191 1209.0

It50.0 1.053 97 3 0.0 0.199 1421.0 2381.0 24.18 3.132 5. 190 1278.0
500.0 1.166 10700.0 0.179 1577. 2641.0 24.73 3.131 5.190 1343.0
600.0 1.39 3 12800.0 0. 149 18 89. 3160.0 25.67 3.129 5.189 1465.0
700.0 1.620 14800.0 0.128 2201.0 3679.0 26.47 3.128 5.189 1578.0
600. 1.847 16800.0 0.112 2513. 4198.0 27.16 3.127 5.189 1683.0
900.0 2.074 18900.0 0.1O0 2825. 4717.0 27.78 3.126 5.190 1782.0

1000.0 2.301 2 0900.0 0.0897 3137.0 5236.0 28.32 3.126 5.190 1876.0
1100.0 2.528 23000.0 0.0816 3449.0 5754.0 28.82 3.125 5.190 1965.0
1200.0 2.755 25000.0 0. 0748 3761. 6273.0 29.27 3.125 5.190 2051.0
1300.0 2.96 2 27000.0 0.0690 4073. 6792.0 29.68 3.124 5.190 2133.0

lltOO.O 3.210 29100.0 0.0641 4365.0 7312.

C

30.07 3.124 5.190 2212.0
1500.0 3.437 31100.0 0.0598 4696.0 7831.0 30.43 3.124 5.190 2288.0

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN HULTIPLIEC BY THE INDICATEO FACTOR
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THERMOPHYSICAL PROPERTIES OF HELIUM ,

90.0 ATMOSPHERE ISOBAR

EMPERATURE OENSITY V1DH70VI v(OP/OU)
v

-V (DP/DV> T (DV/DT) /V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOT
P P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DECK G/CC" I 110
J/i AIM-CC/J ATM 1/DEG.K MW/CH-K G/CM-S

X 1000000
SQ-CM/S

3.5 20.65 89.1 35.4 526.0 0.019 0.352 255.0 j.OOlul 1.07831 1.22
4.0 20.1.8 104.0 30.3 537.0 0.017 0.377 215.0 0.00104 1.07760 1.01
4.5 20.31 123.0 25.4 534.0 0.016 5 0.403 186.0 0.000977 1.07694 0.937
5.0 20.li. 142.0 21.7 525.0 0.0164 0.429 164.0 0.000913 1.07627 0.892
5.1 20.10 145.0 21.1 523.0 . 16 5 0.434 160.0 0.000903 1.07614 0.883
5.2 20.07 147.0 20.8 521.0 0.016 5 0.439 157.0 0.000931 1.07600 0.867
5.3 20.01. 147.0 20.9 519.0 0.016 5 .444 153.0 O.O0C913 1.07587 0.839
5.1. 20.0] 148.0 20.7 516.0 0.0165 0.449 150.0 0.000916 1.07575 0.820
5.5 19.97 149.0 20.5 514.0 0.0166 0.454 147.0 0.00C918 1.07562 0.804
5.6 19.91. 151.0 20.3 511.0 0.016 6 0.459 145.0 0.000920 1.07549 0.788

5.7 19.90 152.0 20.1 508.0 . 16 7 0.463 142.0 0.000921 1.07536 0.774
5.8 19.87 153.0 19.9 505.0 0.0167 0.463 139.0 0.000922 1.07523 0.760
5.9 19.81. 154.0 19.7 502.0 0.016 8 0.473 137.0 0.OOC923 1.L7510 0.748
6.0 19.80 155.0 19.6 499.0 0.0169 0.47' 134.0 0.C0O923 1.07497 0.736
6.5 19.64 159.0 18.8 484.0 0.0173 0.498 124.0 0.000922 1.07432 0.686
7.0 19.1.6 163.0 18.2 468.0 0.0178 0.517 116.0 0.000918 1.07366 0.648
7.5 19.29 165.0 17.6 451.0 0.0 IS 3 3.5 34 109.0 0.000912 1.07298 0.619
a.o 19.11 166.0 17.2 435.0 0.018 9 0.548 103.0 0.000904 1.07229 0.596
8.5 18.93 169.0 16.8 420.0 0.0195 0.560 98.1 0.030895 1.07158 0.579
9.0 18.71. 171.0 16.5 404.0 0.0202 0.571 93.9 0.000886 1.07086 0.566

9.5 18.55 172.0 16.2 3 89.0 0.0 20 8 0.580 90.3 0.000876 1.07012 0.556
10.0 18.35 173.0 15.9 375.0 0.0214 0.587 87.2 3.00C866 1.06937 0.549
11.0 17.95 176.0 15.2 348.0 0.0223 0.598 82.1 0.000850 1.06781 0.5 38
12.0 17.51. 177.0 14.6 322.0 0.0233 0.604 78.2 0.000835 1.06624 0.534
13.0 17.13 179.0 14.2 299.0 . 24 1 0.608 75.

3

0.O0C822 1.06465 0.535
14.0 16.72 180.0 13.7 278.0 0.0 25 0.610 73.0 0.000811 1.06306 0.538
15.0 16.30 181.0 13.4 258.0 0.0 25 8 0.609 71.3 0.000803 1.06147 0.544
16.0 15.88 182.0 13.0 241.0 0.0265 3.608 69.9 0.000796 1.35985 0.553
17.0 15.46 183.0 12.7 226.0 0.0 271 0.605 68.9 0.000791 1.05824 0.563
18.0 15.04 185.0 12.5 213.0 0.0275 0.602 68.1 0.000789 1.05665 0.573

19.0 14. 63 186.0 12.2 2C1.0 0.0278 0.599 67.5 3.000790 1.05508 0.5S4
20.0 11.. 23 189.0 11.9 191.0 0.0280 0.596 67.1 0.000794 1.05354 0.594
21.0 13.84 191.0 11.7 182.0 . 28 0.593 66.9 0.000800 1.05204 0.604
22.0 13.46 194.0 11.5 174.0 0.0280 0.5 90 66.7 O.OC080H 1.05058 0.614
23.0 13.09 197.0 11.2 168.0 0.0 27 8 0.588 66.7 0.000819 1.04916 0.623
24.0 12.73 200.0 11.0 162.0 U.0276 0.586 66.8 0.000832 1.04780 0.631
25.0 12.38 204.0 10.9 157.0 0.0 27 3 0.584 66.9 3.00C846 1.04648 0.639
26.0 12.05 208.0 10.7 152.0 0.0 27 0.583 67.2 0.000863 1.04522 0.646
28.0 11.43 216.0 10.4 144.0 0.0 26 2 0.581 67.8 3.000900 1.04285 0.659
30.0 10.85 225.0 10.1 139.0 0.0 25 3 0.581 68.5 0.000943 1.04068 0.669

32.0 10.33 234.0 9.83 134.0 . 24 3 0.582 69.4 3.000991 1.03869 0.678
3<t.O 9.848 243. D 9.61 130.0 0.0234 0.584 70.3 0.00104 1.03686 0.684
36.0 9.407 253.0 9.42 127.0 L.C225 0.588 71.3 0.00110 1.03519 0.690
38.0 9.002 263.0 9.24 124.0 0.0 216 0.592 72.4 0.00116 1.03366 0.694
1.0.0 8.629 273.0 9.08 122.0 0.0207 3.596 73.5 0.00122 1.03226 0.698

1)5.0 7.816 299.

D

8.76 117 .0 0.0188 0.611 76.4 0.00139 1.C2920 0.7C3
50.0 7.147 326.0 8.50 114.0 0.017 1 0.628 79.3 0.00157 1.02667 0.705
55.0 6.584 352.0 8.29 111.0 0.0157 0.646 82.3 0.00177 1.02455 0.705
60.0 6.105 379.0 8.12 109.0 . 14 5 0.666 85.2 0.00198 1.02276 0.7G4
65.0 5.693 406.0 7.97 108.0 0.0135 0.687 88.2 0.03221 1.02121 0.7C3
70.0 5.334 433.0 7.85 107.0 0.012 6 0.708 91.2 0.0O244 1.01986 0.701
75.0 5.019 459.0 7.75 1C5.0 0.0118 0.729 94.1 0.00268 1.01869 0.699
80.0 4.741 486.0 7.66 1C5.0 0.0111 0.751 97.0 0.03294 1.01764 0.696
90.0 4.269 539.0 7.51 1C3.0 0.00992 0.794 103.0 0.00348 1.01588 0.692
100. 3.8B5 592.0 7.40 102.0 0.00898 0.838 108.0 0.00406 1.01444 0.688

125.0 3.175 724.0 7.20 99.5 0.00729 0.946 120. 0.00565 1.01180 0.669
150.0 2.687 855.0 7.07 97 .9 0.03613 1.05 133.0 0.00745 1.00998 0.665
175.0 2.331 985.0 6.98 96.8 0.00530 1.15 146.0 0.C0944 1.00865 0.662
200.0 2.058 1120.0 6.92 95.9 0.00468 1.25 158.0 0.0116 1.03764 0.660
225.0 1.843 1240.0 6.87 95.2 0.00418 1.34 169.0 0.0139 1.03684 0.659
250.0 1.668 1370.0 6.83 94.7 0.00378 1.43 181.0 3.0164 1.00619 0.659
275.0 1.524 1500.0 6.80 94.2 0.00346 1.51 192.0 0.0191 1.00565 0.659
300.0 1.403 1630.0 6.78 93.8 0.00318 1.59 2C2.0 0.0 218 1.00520 0.660
35 0.0 1.210 1890.0 6.74 93.2 0.00274 1.76 224.0 3.0280 1.00449 0.661
1.0 0.0 1.064 2150.0 6.71 92.8 0.00241 1.92 245.0 0.0346 1.00395 0.662

i*50.0 0.9498 2410.0 6.69 92.4 0.00215 2.08 266.0 0.0422 1.00352 0.663
500.0 0.8575 2670.0 6.67 92.1 0.00194 2.23 285.0 3.0502 1.00318 0.663
600.0 0.7178 3190.0 6.65 91.7 C. 00163 2.53 324.0 0.0679 1.00266 0.664
700.0 0.6173 37JO.0 6.63 91.4 0.0ul4u 2.81 360.0 0.0879 1.00229 0.664
800.0 0.5414 4220.0 6.62 91 .2 0.00123 3.09 395.0 0.11C 1.00201 0.664
900.0 0.4922 4740.0 6.61 91.

C

0.00109 3.35 430.0 0.134 1.00179 0.665
1000.0 0.4346 5260.0 6.60 90.9 0.000987 3.61 463.0 0.16C 1.03161 0.665
1100.0 0.3955 5780.0 6.60 90.8 0.GC0898 3.86 495.0 0.188 1.00146 0.665
120 0.0 0.3629 63 0.0 6.59 90 .7 0.000824 4.11 526.0 0.218 1.00134 0.665
1300.0 0.3353 6810.0 6.59 90 .6 0.030762 4.35 557.0 0.250 1.00124 0.665

11.0 0.0 0.3116 7330.0 6.59 90 .6 0.000708 4.58 587.0 3.283 1.00115 0.665
1500.0 0.2910 7850.0 6.58 90.5 0.000661 4.81 616.0 3.318 1.00108 0.665

HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM 4

100,0 ATMOSPHERE IS09AR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

OEG. K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

3.5 0.04751 2680.0 11.7 8.551 56.69 1.320 1.452 1.861 569.8
4.0 0.34796 2780.0 10.1 8.923 57.52 1.553 1.496 1.838 588.7
4.5 0.01.3 36 2810.0 9.44 9.455 5 8.46 1.775 1.714 2.052 584.0
5.0 0.04876 2800.0 9.06 10.20 59.61 2.003 1.978 2.331 578.3
5.1 J. 04884 2800.0 9. 01 10.37 59.86 2.050 2.028 2.386 677.4
5.3 0. 04392 2800.0 8.96 10.56 60.13 2.0 96 2.057 2.419 577.2
5.3 0.04900 2790.0 6.92 10.73 60.38 2.142 2.048 2.415 577.3
5.4 0.04908 2780.0 8.87 10.89 60.62 2.187 2.063 2.436 576.9
5.5 0.04915 2770.0 8.83 11.06 60.86 2.232 2.080 2.459 576.4
5.6 0. 04923 2770.0 8.60 11.22 61.11 2.277 2.097 2.482 575.8

5.7 0.04931 2760.0 8.76 11.39 61.36 2.321 2.115 2.506 575.3
5.8 0.04939 2750.0 8.73 11.56 61.61 2.365 2.133 2.531 574.7
5.9 0.04946 2740.0 8.71 11.74 61.86 2.408 2.151 2.556 574.1
6.0 0.04954 2730.0 8.68 11.91 62.11 2.451 2.170 2.582 573.4
6.5 0.04994 2670.0 8.59 12.82 63.42 2.663 2.260 2.714 570.2
7.0 0.05 34 2610.0 8.53 13.78 64.79 2.870 2.346 2.847 566.8
7.5 0.05077 2550.0 8.50 14.76 66.22 3.071 2.426 2.980 563.6
6.0 0.05120 2490.0 8.47 15.83 67.71 3.268 2.498 3.110 560.5
6.5 0.05166 2430.0 8.44 16.92 69.27 3.460 2.565 3.238 557.5
9.0 0.05213 2370.0 8.40 18.06 70.88 3.650 2.627 3.365 554.6

9.5 0.05262 2310.0 8.35 19.24 7 2.56 3.835 2.684 3.488 551.7
10.0 0.05314 2260.0 8.30 20.46 74.30 4.018 2.737 3.610 548.9
11.0 0.05423 2150.0 8.07 23.39 78.34 4.410 2.831 3.825 542.2
12.0 0.05538 2050.0 7.83 26.48 82.59 4.787 2.908 4.025 535.8
13.0 0.05659 1950.0 7.57 29.72 87.05 5.150 2.970 4.209 529.6
14.0 0.05786 1870.0 7.31 33. 08 91.70 5.500 3.017 4.377 523.6
15.0 0.05919 1790.0 7.04 36.55 96.53 5.836 3.052 4.530 518.1
16.0 0.06061 1710.0 6.79 39.7 3 101.1 6.134 3.083 4.684 513.7
17.0 0.06210 1650.0 6.53 42.97 105.9 6.422 3.108 4.823 509.7
16. 11.06 3 66 1600.0 6.27 46.28 110.8 6.701 3.127 4.948 506.1

19.0 0.06528 1550.0 6. 02 49.64 115.8 6.972 3.142 5.059 503.0
20.0 0.06696 1510.0 5.77 53.04 120.9 7.234 3.153 5.158 500.4
21.0 0.06370 1480.0 5.54 56.46 126.1 7.488 3.162 5.244 498.4
22.0 0.07050 1450.0 5.31 59.95 131.4 7.733 3.170 5.320 496.7
23.0 0.07234 1430.0 5.09 63.44 136.7 7.971 3.176 5.384 495.6
21.. 0. 07422 1410.0 4.88 66.94 142.1 8.202 3.182 5.440 494.8
25.0 0.07614 1400.0 4.69 70.46 147.6 8.425 3.186 5.487 494.5
26.0 0.07309 1390.0 4.50 73.99 153.1 8.641 3.190 5.526 494.5
26.0 0.08209 1390.0 4.16 81.05 164.2 9.052 3.197 5.585 495.5
30.0 0.08617 1390.0 3.86 88.13 175.4 9.439 3.203 5.623 497.5

32.0 0.09033 1400.0 3.60 95.19 186.7 9.803 3.207 5.646 500.4
34.0 0.09453 1420.0 3.36 102.2 198.0 10.15 3.211 5.658 503.8
36.0 0.09877 1440. 3.15 109.3 209.3 10.47 3.213 5.661 507.8
36.0 0.1030 1470.0 2.97 116.2 220.7 10.78 3.216 5.658 512.2
40.0 0.1073 1500.0 2.80 123.2 232.0 11.07 3.217 5.652 516.6

".5.0 0.1181 15 S 0.0 2.45 140.5 26 0.2 11.73 3.219 5.623 529.3
50.0 0.1239 1670.0 2. 17 157.6 288.2 12.32 3.219 5.588 542.6
55.0 0.1396 1770.0 1.95 174.6 316.0 12.85 3.217 5.551 556.2
60.0 0.15 3 1870.0 1.77 191.4 343.7 13.33 3.214 5.515 569.9
65.0 0.1610 1970.0 1.62 208.0 371.2 13.77 3.210 5.482 583.6
70.0 0.1717 2070.0 1.49 224.6 398.5 14.18 3.207 5.452 597.2
75.0 0.1822 2170.0 1.38 241.1 425.7 14.55 3.203 5.425 610.6
60.0 0.1928 2280.0 1.29 257.4 45 2.8 14.90 3.200 5.401 623.9
90.0 0.2133 2480.0 1.14 290.0 506.6 15.54 3.193 5.361 649.7
100.0 0.2347 2690.0 1.02 322.3 560.0 16.10 3.187 5.330 674.8

125.0 0.2865 3200.0 0.805 402.3 692.5 17.28 3.174 5.277 734.1
150.0 0.3379 3710.0 0.667 481.7 824.0 18.24 3.165 5.246 789.2
175.0 0.38 91 4220.0 0.570 560.6 954.9 19.05 3.156 5.227 840.6
200.0 0.44 3 47 2 . 0.498 6 39.4 1085.0 19.75 3.153 5.215 889.6
225.0 0.4913 5230.0 0.442 717.9 1216.0 20.36 3.149 5.208 936.0
25 0.0 0.5424 5730.0 0.398 796. 3 1346.0 20.91 3.146 5.202 980.2
275.0 0.5934 6240.0 0.36 2 874.6 1476.0 21.40 3.143 5.199 1023.0
300.0 0.6444 6750.0 0.331 952.9 1606.0 21.86 3.141 5.196 1063.0
350.0 0.7463 7760.0 0.284 1109. 1866.0 22.66 3. 138 5.193 1140.0
400.0 0.8433 8770.0 0.249 1266.0 2125.0 23.35 3.136 5.191 1213.0

45 0.0 D.95 3 97 8 0.0 0.221 1422.0 2385.0 23.96 3.134 5. 190 1281.0
500.0 1.052 10600.0 0.199 1578. 2644.0 24.51 3.133 5.189 1346.0
600.0 1.256 12800.0 0.166 1890.0 3163.0 25.45 3.131 5.189 1468.0
700.0 1.460 14900.0 0.142 2202.0 3682.0 26.25 3.129 5.189 1580.0
SOC.O 1.665 169 0.0 0.124 2514.0 4201.0 26.95 3.12B 5.189 1685.0
900.0 1.869 18900.0 0.111 2826.0 4720.0 27.56 3.127 5.189 1784.0

1000.0 2.073 21000.0 0.100 3138. 5239.0 28.10 3.127 5.189 1877.0
1100.0 2.278 23000.0 0.0906 3450. 5758.0 28.60 3.126 5.190 1967.0
1200.0 2.48 2 25000.0 0.0831 3762. 6276.0 29.05 3.126 5.190 2052.0
130G.O 2.686 27100.0 0.0767 4074.0 6795.0 29.47 3.125 5.190 2134.0

1400.0 2.891 29100.0 0.0712 4385.0 7314.0 29.85 3.125 5.190 2213.0
1500.0 3.095 31100.0 0. 0665 4697. 7833.0 30.21 3.125 5.190 2289.0

THO-PHASE EOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INDICATED FACTOR
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THERMOPHYSICAL PROPERTIES OF HELIUM
100.0 ATHOSPHERE ISOBAR

TEMPERATURE OEHSITY VI0H70V) VIOP/DU) -V (OP/OVI.,
T

(OV/OTI /V THERMAL VISCOSITY THERHAL DIELECTRIC PRANOT
P v p CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DEG.X G/CC
•• « 10

J/G ATM-CC/J ATM 1/DEG.K MH/CM-K G/CM-S
X 10000CO

SQ-CM/S

3.5 21.05 89.6 38.3 564.0 0.02J8 0.366 299.0 0.000934 1.07980 1.52
4.0 20.85 106.0 32.4 581.0 0.017", 0.390 247.0 0.001C2 1.079C4 1.16
4.5 20.63 126.0 26.6 582.0 0.0162 0.417 211.0 0.0 C3 963 l.;7936 1.04
5.0 20.51 148.0 22.3 574.0 0.015 8 .444 184.0 0.000929 1.07770 0.963
5.1 20.47 152. g 21.7 573.0 CO 15 7 3.449 180.0 0.000920 1.07757 0.955
5.2 20.44 154.0 21.3 571.0 0.0157 0.455 176.0 C. 003919 1,57744 0.935
5.3 20.41 154. C 21.3 569.0 0.G15 7 3.460 172.0 0.000933 1.07731 0.9C2
5.1. 20.33 156.0 21.1 567.0 0.0157 3.465 168.0 3.00O937 1.07719 0.880
5.5 20.34 157.0 20.9 564.0 0.015 6 0.470 164.0 O.C00940 1.07707 0.860
5.6 20.31 159.0 23.6 562.0 G.015 7 0.475 161.0 . 3 94 2 1.0769*. 0.342

5.7 20.23 160.0 20.4 559.0 0.0157 0.480 158.0 0.000945 1.07682 0.821,

5.8 20.25 161.0 20.2 556.0 0.015 7 3.485 155.0 0.000946 1.07670 0.808
5.9 20.22 162.0 20.0 553.0 0.0157 0.490 152.0 0. 000948 1.07657 0.793
6.0 20.18 164.0 19.8 5 51.0 0.015 8 0.494 149.0 C. 000949 1.07645 0.779
6.5 20.03 169.0 19.0 5 35.0 0.0161 0.517 137.0 . 95

1

1.07583 0.720
7.0 19.86 173.0 18.3 519.0 0.016 4 0.537 127.0 0.000949 1.07520 0.675
7.5 19.70 176.0 17.8 5 03.0 0.016 9 0.554 119.0 0.00091.4 1.0 71,5 7 0.640
S.O 19.53 179.0 17.4 486.0 0.0174 0.573 112.0 0.003938 1.07391 0.613
8.5 19.36 181.0 17.0 470 .0 0.0179 3.583 107.0 G.00o930 1.C7325 0.592
9.0 19.18 182.0 16.7 455.0 0.0185 3.594 102.0 0.003921 1.07257 0.576

9.5 19.03 183.0 16.4 439.0 0.019 0.604 97.6 0.000911 1.07187 0.564
10.0 18.82 185.0 16.1 424.0 0.0195 0.612 94.0 0.000 901 1.07117 0.555
11.0 18.44 188.0 15.5 396.0 0.0 20 4 0.624 88.1 0.00 0864 1.CO970 0.540
12.0 18.06 190.0 14.9 370.0 0.C212 0.631 83.6 0.00C869 1.06823 0.533
13.0 17.67 192.0 14.4 345.0 0.0219 3.636 80.2 C. 000855 1.06674 0.531
14.0 17.28 193.0 14.0 322.0 0.0227 0.638 77.6 0.000844 1.C6525 0.532
15.0 16.90 194.0 13.7 302.0 0.0233 0.639 75.5 0. 000835 1.C6375 0.536
16.0 16.50 195.0 13.3 283.0 . 24 0.638 73.9 0.000825 1.06223 0.543
17.0 16.10 196.0 13.1 266.0 0.0 24 6 0.635 72.6 0.000818 1.06071 0.551
18.0 15.71 198.0 12.8 251.0 0.0 25 0.633 71.6 t. 000814 1.05920 0.560

19.0 15.32 200.0 12.5 238.0 0.0253 0.6 30 70.8 0.000812 1.35770 0.569
20.0 14.93 202.0 12.3 226.0 0.0 25 6 0.626 70.3 0.000813 1.05622 0.579
21.0 14.55 204.0 12.0 215.0 0.0257 0.623 69.9 0.000816 1.05478 0.588
22.0 14.19 206.0 11.8 206.0 0.0258 0.620 69.7 0.000822 1.35336 0.598
23.0 13.82 209. 11.6 198.0 0.0257 0.617 69.5 0.000829 1.35198 0.606
24.0 13.47 212.0 11.4 190 .0 0.0 25 6 0.615 69.5 0.000839 1.05C64 0.615
25.0 13.13 216.0 11.2 184.0 0.0255 0.613 69.6 O. 003853 1.04935 0.623
26.0 12.81 219.0 11.0 178.0 0.0252 0.611 69.7 0.000863 1. 01809 0.631
28.0 12.18 227.0 10.7 169.0 0.0246 3 .608 70.1 0.000894 1.04572 0.644
30.0 11.60 235.0 10.4 161.0 0.0239 0.6U7 70.7 0.303930 1.C4353 0.656

32.0 11.07 244.0 10.1 155.0 0.0 23 1 0.607 71.5 0.000971 1.C4150 0.665
34.0 10.58 253.0 9.90 150 .0 0.0 22 4 0.608 72.4 0.00132 1.03963 0.673
36.0 10.12 263.0 9.69 146.0 O.o215 0.610 73.3 0.001^7 1.03791 0.680
38.0 9.705 273.0 9.50 143.0 0.0208 0.614 74.3 0.00112 1.03632 0.685
40.0 9.317 283.0 9.33 140.0 0.0200 0.618 75.3 0.00117 1.03485 0.689

45.0 6.468 308.0 8.98 134.0 0.018 2 3.630 78.1 3.00132 1.03165 0.697
50.0 7.750 334.0 8.69 130.0 0.0167 0.646 80.9 0.00149 1.02898 0.700
55.0 7.152 361.0 8.46 127.0 0.0154 3.663 83.8 0.0 0167 1.02673 0.701
60.0 6.652 387.0 8.27 124.0 0.014 2 3.682 86.7 0.00186 1.02481 0.701
65.0 6.210 414.0 8.12 122.0 0.0132 0.701 89.6 0.302L6 1.02315 0.700
70.0 5.826 441.0 7.98 121. C 0.012 4 0.722 92.5 C.0C227 1.02171 0.699
75.0 5.487 468.0 7.87 119.0 0.0116 0.743 95.4 0.00249 1.02044 0.697
80.0 5.187 494.0 7.77 118.0 0.0109 0.764 98.2 0.00273 1.01931 0.695
90.0 4.678 548.0 7.61 116.0 0.00979 3.806 104.0 0.0C322 1.01741 0.691
10O.0 4.252 601.0 7.48 115.0 0.00887 0.849 109.0 0.00374 1.01585 0.687

125.0 3.491 733.0 7.26 112.0 0.00720 0.956 121.0 0.30519 1.01297 0.668
150.0 2.959 863.0 7.12 110 .0 0.00608 1.06 134.0 0.00682 1.01099 0.664
175.0 2.570 994.0 7.02 108.0 0.00526 1.16 146.0 0.00862 1.00954 0.661
200.0 2.271 1120.0 6.95 107.0 0.00464 1.25 158.0 0.0136 1.00843 0.659
225.0 2.035 1250.0 6.90 106. 0.00416 1.34 170.0 0.0127 1.00755 0.658
250.0 1.844 1380.0 6.86 116.0 0.00376 1.43 181.0 0.0149 1.03684 0.658
275.0 1.685 1510.0 6.82 105.0 0.00344 1,52 192. C 0.0173 1.00625 0.653
300.0 1.552 1640.0 6.80 105.0 0.00317 1.60 203.0 0.0198 1.03575 0.659
35 0.0 1.340 1900.0 6.76 104.0 0.00273 1.76 224.0 0.0254 1.00497 0.661
400.0 1.179 2160.0 6.72 103.0 0.00243 1.93 245.0 0.0315 1.00437 0.662

450.0 1.052 2420.0 6.70 103.0 0.00215 2.08 266.0 0.0381 1.3)390 0.662
500.0 0.9503 2680.0 6.68 103.0 0.00194 2.24 286.0 3.3454 1.00352 0.663
600.0 0.7959 3190.0 6.66 102.0 0.00162 2.53 324.0 0.0613 1.00295 0.663
700.0 0.6347 3710.0 6.64 1C2.0 C. 00143 2.32 360.0 0.0793 1.03254 0.664
800.0 0.6007 4230.0 6.62 101.0 0.00123 3.09 396.0 0.3991 1.00223 0.664
900.0 0.5351 4750.0 6.61 1C1.0 0.00109 3.36 43 0.0 0.121 1.00198 0.664
1000.0 0.4823 5270.0 6.61 101.0 0.000985 3.61 463.0 0.144 1.00179 0.665
1100.0 0.4391 5780.0 6.60 101.0 0.030897 3.86 495.0 0.170 1.00163 0.665
1200.0 0.4029 6300.0 6.60 101.0 0.000823 4.11 526.0 0.196 1.00149 0.665
1300.0 0.3723 6820.0 6.59 101.0 0. 000761 4.35 557.0 0.225 1.30138 0.665

1400.0 0.3459 7340.0 6.59 101.0 0.030707 4.56 587.0 0.255 1.00128 0.665
1500.0 0.3231 7860.0 6.58 101.0 0.000661 4.61 616.0 0.287 1.0.120 0.665

TWO-PHASE BOUNOARY
NUMBERS IN T-IIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

150.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

DEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

4.5 0.041.98 3610.0 13.7 11.94 80.30 1.367 1.992 2.474 673.6
5.0 0. 01*531. 3660.0 11.8 12.69 81.61 1.647 2.144 2.542 663.1
5.1 0.01.51.1 3670.0 11.6 12.66 81.89 1.698 2.179 2.567 661.6
5.2 0.01.51.8 3660.0 11. 3 13.05 82.17 1.747 2.193 2.573 660.9
5.3 0.01.551. 3680-0 11. 1 13. 21 82.43 1.796 2.171 2.544 660.7
5.". 0.01.560 3680.0 10.9 13.37 82.68 1.843 2.175 2.542 659.9
5.5 0.01.567 3680.0 10.7 13.53 62.94 1.890 2.180 2.544 659.2
5.6 0.01.573 3670.0 10.6 13.69 83.19 1.936 2.187 2.548 658.4
5.7 0.01.579 3670.0 10.4 13. 85 83.44 1.981 2.195 2.554 657.7
5.8 0.01.581. 36 7 0.0 10.3 14.02 63.70 2.026 2.204 2.561 656.9

5.9 0.04590 3660.0 10.2 14.18 83.95 2.069 2.214 2.570 656.2
6.0 0.01.596 3660.0 10.1 14.35 84.21 2.113 2.224 2.581 655.5
6.5 0.01.625 36 2 0.0 9.69 15.20 85.49 2.322 2.261 2.646 652.1
7.0 0.01.651. 3570.0 9.48 16.08 86.81 2.521 2.339 2.726 649.2
7.5 0.01.683 3520.0 9. 36 17. 00 68.17 2.712 2.397 2.814 646.7
8.0 0.01.712 3460.0 9. 34 17.95 69.57 2.897 2.453 2.908 644.5
6.5 0.01.71.3 3400.0 9.34 18.93 91.01 3.076 2.509 3.005 642.5
9.0 0.01.771. 3340.0 9.35 19.94 92.50 3.251 2.562 3.107 640.8
9.5 0.01.807 3260.0 9. 37 20.99 94.04 3.422 2.615 3.210 639.1

10.0 0. Oi. )40 3230.0 9.39 22.07 95.63 3.590 2.667 3.315 637.5

11.0 0.01.912 3120.0 9. 28 24.76 99.42 3.958 2.761 3.504 633.2
12.0 0.01. 987 3020.0 9.14 27.61 103.4 4.311 2.847 3.685 628.9
13.0 0.0506* 2920.0 8.96 30.60 107.6 4.651 2.922 3.851 624.4
14.0 0.0511.1. 2830.0 8.76 33.73 111.9 4.978 2.982 4.000 620.0
15.0 0.05227 2740.0 8.54 36.97 116.4 5.293 3.024 4.131 615.7
16.0 0.05311. 266 0.0 8.36 39.85 120.6 5.564 3.066 4.272 612.2
17.0 0.05»05 25 8 0.0 8. 16 42.60 124.9 5.627 3.099 4.400 608.7
18.0 0.051.99 2500.0 7.95 45.83 129.4 6.082 3.125 4.516 605.4
19.0 0.05597 2440.0 7.73 46.92 134.0 6.329 3.146 4.624 602.3
20.0 0.05697 2370.0 7.51 52. 06 138.7 6.568 3.161 4.722 599.5

21.0 0.05802 2320.0 7.28 55.24 143.4 6.601 3.174 4.813 596.8
22.0 0.05909 2270.0 7.06 58.47 146.3 7.027 3.184 4.897 594.4
23.0 0.06019 2220.0 6.85 61.73 15 3.2 7.246 3.192 4.974 592.3
24.0 0.06132 2160.0 6.64 65.02 156.2 7.459 3.198 5.045 590.4
25.0 0.0621.8 2150.0 6.43 68.34 163.3 7.667 3.204 5.110 568.8
26.0 0.06366 2110.0 6.23 71.66 168.4 7.868 3.209 5.169 587.5
28.0 0.06610 2060.0 5.65 78.43 176.9 8.255 3.216 5.272 585.5
30.0 0.06861 2030.0 5.50 85.23 169.5 8.622 3.223 5.355 584.6
32.0 0.07119 2010.0 5.16 92.09 20O.3 8.970 3.228 5.421 584.5
34.0 0. 07383 2000.0 4.88 98.97 211.2 9.300 3.232 5.471 585.1

36.0 C. 07652 1990.0 4.61 105.9 222.2 9.614 3.236 5.510 586.4
36.0 0.07921. 2000.0 4.36 112.8 233.2 9.912 3.240 5.538 588.3
1.0.0 0.08199 2010.0 4.13 119.7 244.3 10.20 3.242 5.557 590.6

1.5.0 0.08897 2050.0 3.64 137.0 272.2 10.85 3.247 5.579 598.0
50.0 0.09601 2120.0 3.25 154.1 300.1 11.44 3.249 5.577 607.0
55.0 0.1031 2190.0 2.93 171.2 327.9 11.97 3.249 5.563 616.9
60.0 0.1102 2260.0 2. 66 166.2 355.7 12.46 3.248 5.542 627.5
65.0 0.1173 2370.0 2.44 205.1 383.3 12.90 3.245 5.518 638.4
70.0 0.1243 2460.0 2.25 221. 9 410.9 13.31 3.242 5.493 649.6
75.0 0.1314 2550.0 2.08 238.5 438.3 13.68 3.239 5.469 66 0.8
80.0 0.1384 2650.0 1.94 255.1 465.6 14.04 3.235 5.446 672.2
90.0 0.1524 2640.0 1.71 268.1 519.8 14.68 3.227 5.405 694.7
100.0 0.1664 3040.0 1.53 320. 8 573.7 15.24 3.220 5.371 717.0

125.0 0.2009 3540.0 1.21 401.7 707.1 16.43 3.203 5.307 771.0
150.0 0.2352 4040.0 1.00 481.7 839.2 17.40 3.190 5.268 622.2
175.0 0.2694 4540.0 0.853 561.2 97 0.6 18.21 3.180 5.242 870.9
200.0 0.3334 5040.0 0.745 640.3 1101.0 18.91 3.173 5.226 917.2
225.0 0.3374 5540.0 0.661 719.1 1232.0 19.52 3.167 5.214 961.5
250.0 0.3713 6040.0 0.595 797.8 1362.0 20.07 3.162 5.207 1004.0
275.0 0.4052 6540.0 0.541 876.3 1492.0 20.57 3.158 5.201 1045.0
300.0 0.4392 7050.0 0.495 954.8 162 2.0 21.02 3.155 5.197 1084.0
350.0 0.5070 8050.0 0.425 1111.0 1862.0 21.82 3.150 5.192 1159.0
i>00.0 0.5748 9050.0 0.372 1268. 2141.0 22.51 3.146 5.190 1230.0

1.5 0.0 0.6426 10100.0 0.331 1424.0 2401.0 23.12 3.144 5.188 1297.0
500.0 0.7104 11100.0 0.296 1581.0 2660.0 23.67 3.141 5.187 1361.0
600.0 0.8462 13100.0 0.248 1893.0 3179.0 24.62 3.138 5.187 1460.0
700.0 0.9820 15100.0 0.213 2205. 3698.0 25.42 3.136 5.167 1591.0
800.0 1.118 17100.0 0.186 2517.0 4216.0 26.11 3.134 5.187 1695.0
900.0 1.254 19200.0 0.166 2830. 4735.0 26.72 3.13.3 5.187 1793.0

1000.0 1.39 21200.0 0.149 3142.0 5254.0 27.27 3.132 5.188 1886.0
1100. 1.526 23200. D 0.136 3454.0 5773.0 27.76 3.131 5.186 1974.0
1200.0 1.662 25200.0 0.124 3766. 6291.0 28.21 3.131 5.188 2059.0
1300.0 1.798 27300.0 0.115 4078.0 6810.0 28.63 3.130 5.188 2140.0

11.00.0 1.934 29300.0 0.107 4390.0 7329.0 29.01 3.130 5.189 2219.0
1500.0 2.070 313 0.0 0.100 4702.0 7848.0 29.37 3.129 5.189 2295.0

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INDICATED FACTOR
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150.0 ATHOSPHERE ISOBAR
THEPNOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

4 5 22 23
s 22 05

5 1 22 02
5 2 21 99
5 3 21 96
5 l» 21 93
5 5 21 90

5 6 21 87
5 7 21 84
5 8 21 81

5 9 21 79
6 21 75
6 5 21 62
7 21 ".9

7 5 21 36
8 21 22
a 5 21 09
9 20 95
9 5 20 83

10 20 66

11 20 36
12 20 05
13 19 75

l". 19 44
15 19 13
16 18 82
17 18 50
18 18 19
19 17 .87

20 17 55

21 17 24
22 16 92
23 16 .61

2* 16 31

25 16 31

26 15 .71
28 15 13

30 11. .57

36 13 07
38 12 .62
H 12 .20

45 11 .21.

50 10 .i>2

55 9 n

100.0

9.075
8.527
8.01.2

7.610
7.221.
6.550
6.010

VIOH/OV) V(OP/OU> -V (O
P v

J/0 ATM-CC/J A

145.0 31.0 802.0
171.. J 25.0 8C8.0
179.0 24.1 808.0
181.. 23.5 8C8.0
185.0 23.3 807.0
189.0 22.9 8C6.0
191.0 22.5 8C5.0
19k. 22.1 8C3.0
196.0 21.7 802.0
199.0 21.1. 800.0

201.0 21.1 798.0
201.. 20.8 795.0
211.. 19.7 7 82.0
221.0 18.9 767.0
225.0 18.3 751.0
229.0 17.9 731..

231.0 17.7 717.0
233.0 17.1. 700 .0

234.0 17.2 683.0
236.0 17.0 667.

21.0.0 16.5 635.0
244.0 16.0 605.0
21.8.0 15.5 577.0
251.0 15.1 550.0
253.0 14. a 521..

255.0 11..

5

5.0 .0

257.0 11..

2

1.77.0

259.0 14.0 1.55.0

260.0 13.7 435.0
262.0 13.5 .17.0

261.. 13.3 400 .0

266.0 13.1 384.0
268.0 12.9 369.0
270.0 12.7 356.0
273.0 12.5 343.0
276.0 12.1. 332.0
281.0 12.0 312.0
288.0 11.7 296.0
295.0 11.1. 282.0
303.0 11.1 270.0

312.0 10.9 261.0
320.0 10.7 252.0
330.0 10.1. 245.0

351.. 10.0 231.0
379.0 9.60 221.0
1.01.. 9.29 213.0
1.31.0 9.03 2C7.0
1.57.3 8.80 202.0
1.83.0 8.61 198.0
510.0 8.1.5 194.0
537.0 8.31 191.0

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CH-S SO-CM/S
•• X 1000000

0.014 3

0.0140
0.0137
4.0135
0.0133
0.0131
0.0133
0.0129

0.012 8

0.0127
0.0124
0.0124
0.012 5

0.012 7

0.0130
0.0134
0.C137
C . 14

1

0.0146
0.0151
0.015 5

0.0159
0.0 16 3

0.C16 7

0.017 1

0.0175
0.0178
CO 18

0.0182
0.018 4

0.3186
0.C18 7

0.0187
0.0188
C0187
0.018 6

.0177
0.0173
0.0169

0.0158
0.0147
0.3138
0.012 9

0.0121
0.0114
0.3107
0.01.1

.435

.516

.522

.528

.546

.552

.558

.573

.575

.603

.627

.701

.713

.752

.760

.765

.767

.768

.767

.765

.762

.759

.755

.752

.748

.737

.731

.727

.723

.724
0.733
0.745
0.759
3.774
0.791
0.8l9

298.3
289.0
280.0
273.0
265.0
258.0
252.0

246.0

195
179
166 3

155
146
138. c

132

121
112
136
1C1

0.0 00 882
.. 000920
0.000923
0.0C0933
0.033956
C. 000969
0.000981
0.003991
0.001C0
0.00101

O.0U1C2
0.001C2
3.301C5
0.00107
0.00108
J.OOloS
0.0011.8
3.001C8
3.00107
3.00106

0.001C4
0.001L2
0.00100
0.0 33 983
0.0 03971
u. 3 95

5

0.003942
0.0 CO 931
0.0C0922
0.CO0915

0.03C913
0.003907
0.000 9C5

0.03 9C6

828

0.0 0090 8

0.00 917
0.OC3931
0.0 03 949
0.0 30972

3.00100
O.00U3
0.00106

3.00115
0.00126
o.o;i3fl
0.03151
0.03165
0.00179
3 . 3 3 1 94

0.30210
3.00244
CO 0280

1.38440
1.38371
1.08358
1.08345
1.08333
1.08322
1.03310
1.08299
1.08288
1.08277

1.08266
1.08255
1.08233
1.08151
1.C8399
1.38047
1.57994
1.37940
1.37885
1.07829

1.37712
1.37594
1.07475
1.37356
1.07238
1.07116
1.06994
1.06872
1.C6750
1.05628

1.06536
1.36386
1.06267
1.06149
1.06333
1.05919
1.05697

1.04910
1.04739
1.04577

1.04214
1.03931
1.03633
1.03394
1.03187
1.03004
1.32841
1.02696
1.02446
1.02240

0.777
0.723
0.681
0.648
0.623
0.603

0.571
0.550
0.537
0.528
0.522
0.522
0.523
0.526
0.530
0.535

0.541
0.547
0.554
0.560
0.567
0.575
0.588
0.602
0.614
0.625

0.650

0.664
0.674
0.680
0.683
0.685
0.686
0.6 86
0.685
0.683
0.680

125.0
150.0
175.0
200.0
225.0
250.0
275.0
300.0
350.0
400.0

450.0
500.0
603.0
700.0
800.0
900.3
1000.0
1100.0
1200.0
1300.0

4.976
4.251
3.712
3.296
2.964
2.693

775.0
906.0

2 277 1680 I

1 973 1940
1 740 2200

1 556 2460
1 408 2720
1 182 3230 c

1 018 3750
8946 4270
.7976 4780
.7196 5300
.6554 5820
.6318 6340 3

.5563 6860 3

.5171 7370

.4831 7890

6.69
6.66
6.65

176.0
172.0
169.0
166.0
164.0
163 .0

161.0
163.0
1E9.0
158.0

157.0
156.0
155.0
154.0
153.4
153.0
152.0
152.0
152.U
152.0

0.00685
0.00582
0.00506
C.C0448
0.004.3
0.00365
0.00335
C. 00309
O.O0267
0.00236

0.00211
0.00191
0.00160
C.00133
0.03122
L. 00138
0.00.978

00891
00819

0.000734
0.003653

126.3
138.0
150.0
161.0
173.0
183.0
194.3

267.
287.
325.

0.03380
0.03492
0.00616
0.03749
3.0C891
:.di04
O.C120
0.0137
0.C174
0.0215

0.0 26C
C0306
3.0415
0.0535
0.0668
0.0813
0.397L
0.114

1.01853
1.01581
1.01383
1.01225
1.31101
1.01330
l.C. 916
1.03845

.00577

.03522

.03438

. ! 37 7

.03332

.03296

.03267

.663

.659

.656

.654

.653

.653

.653

.654

.656

.658

.660

.662

.662

.663

.663

.664

.664

..59

..32

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

200.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CF VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEC K *» X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

5.2 0. 04306 4430.0 14.5 15.68 102.9 1.434 2.539 3.004 729.0
5.3 0. 04312 444 0.0 14.0 15.86 103.2 1.491 2.488 2.931 728.3
5.1. 0.04318 445 0.0 13.6 16.0 3 103.5 1.545 2.466 2.690 727.1
5.5 0.01.321. 4460.0 13.2 16.20 103.8 1.598 2.447 2.855 726.0
5.6 0.01.329 4460.0 12.9 16. 37 104.1 1.649 2.432 2.826 724.9
5.7 0.04334 4470.0 12.5 16.54 104.4 1.699 2.419 2.601 723.9
5.8 0.0431.0 4470.0 12.3 16.72 104.7 1.747 2.409 2.781 722.9
5.9 0.04345 4470.0 12.0 16.89 104.9 1.795 2.401 2.764 721.9
e.o 0.04350 4470.0 11.8 17.06 105.2 1.841 2.395 2.751 721.1
6.5 0. 04374 4450.0 10.9 17.92 106.6 2.060 2.382 2.718 717.3

7.0 0.04397 4420.0 10.4 18.79 107.9 2.261 2.389 2.725 714.4
7.5 0.04420 4370.0 10.2 19.67 109.2 2.451 2.407 2.758 712.2
e.o 0.04442 4320.0 10.0 20.56 110.6 2.630 2.434 2.808 710.5
8.5 0.04466 4270.0 10.0 21.47 112.0 2.303 2.467 2.672 709.2
9.0 0.04489 4210.0 10.1 22.41 113.4 2.969 2.506 2.948 708.3
9.5 0.04514 4150.0 10.1 23.37 114.8 3.131 2.549 3.032 707.6

10.0 0.04539 4100.0 10.2 24.35 116.3 3.289 2.595 3.123 706.9
11.0 0.04593 3990.0 10.2 26.88 120.0 3.641 2.685 3.297 704.4
12.0 0.04649 3890.0 10.1 29. 56 123.8 3.98C 2.779 3.475 701.7
13.0 0.04707 3790.0 10.0 32.39 127.8 4.307 2.867 3.641 698.6

11.. 0.04767 3700.0 9.87 35.37 132.0 4.622 2.938 3.786 695.2
15.0 0.04828 3610.0 9.68 38.46 136.3 4.925 2.988 3.906 691.9
16.0 0.04891 3530.0 9.54 41.14 140.3 5.182 3.039 4.041 689.3
17.0 0.04957 3440.0 9.38 43.91 144.4 5.430 3.080 4.162 686.7
18.0 0.05025 3370.0 9.20 46.75 148.6 5.671 3.112 4.272 684.1
19.0 0.05095 3290.0 9.02 49.65 152.9 5.905 3.137 4.372 681.5
20.0 0.05168 3220.0 8.82 52.61 15 7.3 6.132 3.157 4.465 679.0
21.0 0.05242 3150.0 8.62 55.61 161.8 6.352 3.174 4.552 676.6
22.0 0.05318 3090.0 8.41 58.66 166.4 6.565 3.187 4.632 674.3
23.0 0.05396 3030.0 8.21 61.75 171.1 6.773 3.197 4.708 672.2

2<i.O 0.05476 2970.0 8. 01 64.88 175.8 6.975 3.206 4.779 670.1
25.0 0.05557 2920.0 7.81 68. 04 180.7 7.171 3.213 4.845 668.2
26.0 0.05641 2880.0 7.61 71.22 185.5 7.362 3.219 4.908 666.5
28.0 0.05812 2800.0 7.23 77.68 195.5 7.730 3.230 5.022 663.5
30.0 0.05990 2730.0 6.86 84.22 205.6 8.080 3.238 5.121 661.2
32.0 0.06173 268 0.0 6.52 90.84 215.9 8.414 3.245 5.206 659.5
34.0 0.06361 2640.0 6.19 97.52 226.4 8.731 3.251 5.279 658.5
36.0 0.06553 2610.0 5.89 104. 2 237.0 9.035 3.256 5.340 658.0
38.0 0.06749 2590.0 5.60 111.0 247.8 9.325 3.260 5.390 658.2
1.0.0 0.06948 25 7 0.0 5.34 117.8 ?58.6 9.603 3.264 5.431 658.8

1.5.0 0.07455 2570.0 4.76 134.9 285.9 10.25 3.272 5.498 662.1
50.0 0.07973 2610.0 4.27 152.0 313.5 10.83 3.276 5.531 667.5
55.0 0.08496 2660.0 3.87 169.0 341.2 11.36 3.278 5.541 674.4
60.0 0.09023 2720.0 3.52 166. 1 368.9 11.84 3.278 5.537 682.3
65.0 0.09550 2790.0 3.23 203. 396.6 12.28 3.277 5.525 690.8
70.0 0.1008 2870.0 2.99 219.9 424.2 12.69 3.275 5.509 699.9
75.0 0.1061 2960.0 2.77 2 36.7 451.7 13.07 3.271 5.490 709.2
SCO 0.1113 3050.0 2.58 253.5 479.1 13.42 3.268 5.471 718.8
90.0 0.1218 3230.0 2.28 286.7 533.

E

14.06 3.260 5.433 738.3
100.0 0.1323 3420.0 2. 03 319.7 587.7 14.64 3.251 5.399 758.0

125.0 0.1582 3900.0 1.61 401.3 721.8 15.8 3 3.231 5.331 806.9
15 0.0 0.1839 43 8 0.0 1.33 481.9 854.5 16.80 3.215 5.236 354.4
175.0 0.2034 4870.0 1.13 561.8 986.2 17.61 3.203 5.255 9C0.1
200.0 0.2349 5370.0 0.99C 641.3 1117.

C

18.31 3.193 5.235 944.1
225.0 0.26 3 586 0.0 0.879 720.4 1248.0 16.93 3.135 5.220 986.4
25 CO 0.2857 6350.0 0.790 799.3 1378.0 19.48 3.178 5.210 1027.0
275.0 0.3111 6850.0 0.718 878.1 1509.0 19.97 3.173 5.203 1067.0
30 0.0 0.3365 7340.0 0.658 956. 7 1639.0 20.43 3.169 5.198 1105.0
35 CO 0.3872 8340.0 0.564 1114.0 1898.0 21.23 3.162 5.192 1178.0
1.00.0 0.4379 9340.0 0.494 1270. 2158.0 21.92 3.157 5.186 1247.0

1(50.0 0.4836 10300.0 0.439 1427. 2417.0 22.53 3.153 5.186 1312.0
50C0 0.5394 11300.0 0.396 1583. 2676.0 23.08 3.150 5.185 137 5.0
600.0 0.6410 13300.0 0.330 1896.0 3195.0 24.02 3.146 5.185 1493.0
700.0 0.7426 15400.0 0.283 2209.0 3713.0 24.82 3.143 5. 185 1602.0
800.0 0.8443 17400.0 0.248 2521. 4732.0 25.51 3.141 5.185 1704.0
900.0 0.9460 19400.0 0.220 2833.0 4750.0 26.13 3.139 5.185 1801.0

1000.0 1.048 21400.0 0.199 3145.0 5269.0 26.67 3.138 5.166 1893.0
1100.0 1.150 23400.0 0.181 3458.0 5787.0 27.17 3.137 5. 186 1981.0
1200.0 1.252 25500.0 0.166 3770.0 6306.0 27.62 3.136 5.186 2065.0
1300.0 1.353 27500.0 0.153 4082.0 6625.0 28.03 3.135 5.187 2146.0

1400.0 1.455 29500.0 0.142 4394.0 7343.0 28.42 3.134 5.187 2224.0
1500.0 1.557 31500.0 0.133 4706.0 7 86 2.0 28.77 3.134 5.187 2300.0

HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR
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THERNOPHYSICAL PROPERTIES OF HELIUM
200.0 ATMOSPHERE ISOBAR

EMPERATURE DE1SITY V<OH/DV> VIOP/OU] -V (OP/OV)
T

(OV/OTJ /V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTl
P v P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

DEG.K G/CC» > 111
J/G ATN-CC/J ATM 1/DEG.K MH/CM-K G/CM-S

X 1C0C0C3
SQ-CM/S

5.2 23.22 213.0 21..

7

1030.0 0.01-1 0.597 -82.0 0.00.856 1.08826 2.-2
5.3 23.19 215.0 21.. 3 1030 .0 0.013 6 0.60- -6-.

3

-.003689 1.0 8 81- 2.25
5.1. 23.15 219.0 23.8 10 30 .0 0.0132 0.611 — 7.0 0.000913 1.C3802 2.12
5.5 23.13 223.0 23.3 1330.0 0.0128 0.618 -32.3 0. 03. 935 1.08790 2.00
5.6 23.10 227.0 22.9 1030.0 0.0125 0.62- -18.0 C. 303957 1.08779 1.89
5.7 23.07 230.0 22.5 1030.0 0.0122 3.631 -C-.0 0.003977 1.08767 1.79
5.8 23. OK 231.. 22.1 10 30.C 0.0119 3.638 392.3 3.0C1C0 1.08757 1.71
5.9 23.02 237.0 21.7 1030.0 0.U117 3.6— 380.0 3.00101 1.087-6 1.63
6.D 22.99 21.0.0 21.- 10 30.0 0.011- 0.651 369.3 O.OC103 1.08736 1.56
6.5 22.85 251.. 20.0 1020 .0 0.0107 0.682 322.0 3.30110 1.38686 1.28

7.0 22.71. 263.0 19.2 ICO .0 0.010- 3.710 286.

C

0.00115 1.086-0 1.10
7.5 22.63 269.0 18.6 989.0 C.0103 3.736 258.0 3.30118 1.0859- 0.967
8.0 22.51 272.0 18.3 972.0 0.0133 3.759 235.0 3.0012C 1.385-9 0.871
6.5 22.39 271.. 18.1 955.0 0.010 5 0.779 217.0 0.00121 1.08503 0.799
9.0 22.27 275.0 18.0 938.0 0.0107 3.797 201.0 3.00121 1. 08-57 0.7-5
9.5 22.15 276.0 17.9 920 .0 C.0110 0.812 188.0 3.00121 1.38-10 0.702

10.0 22.03 277.0 17.8 903.0 0.0113 0.825 177.0 0.00120 1.08362 0.670
11.0 21.77 281.0 17.- 868.0 0.0117 0.8-5 159.0 D.ooiie 1.03261 0.620
12.

D

21.51 287.0 17.

C

836.0 0.0121 0.859 1-5.3 C.0C115 1.38159 0.587
13.0 21.2«. 293.0 16.5 806 .0 0.012- 3.869 135.0 0.00112 1.08056 0.56-

1-.0 20.98 298.0 16.0 777.0 0.0127 3.875 127.0 0.00110 1.07953 0.5-7
15.0 20.71 302.0 15.6 7-9.0 0.012 9 0.879 120.0 0.C0109 1.07850 0.53-
16.0 20. 1.1. 305.0 15.- 721.0 0.0132 0.880 115.3 0.001C7 1.077-6 0.528
17.0 20.17 308.0 15.1 695.0 0.0135 .879 111.0 0.00105 1.076-0 0.523
16.0 19.90 311.0 1-.9 670 .0 0.0137 0.878 107.0 0.00103 1.0753- 0.521
19.0 19.63 313.0 1-.6 6-6. C . C 1- 3 3.875 10-. 3.00102 1.07-28 0.521
20.0 19.35 315.0 1-.- 623.0 0.01-2 3.872 102.0 0.001C1 1.07322 0.521
21.0 19.08 317.0 lit.

2

601.0 0.31-3 3.868 103.0 0.00100 1.37217 0.523
22.0 18.83 320.0 11.. 581.0 0.01-5 0.86- 98.1 0.0C0992 1.07111 0.526
23.0 18.53 322.0 13.9 561.0 0.C1-6 0.360 96.7 0.0C0985 1..7306 0.530

2<t.O 18.26 321.. 13.7 5-3.0 0.01-7 3.856 95.6 C. 000980 1.06902 0.53-
25.0 17.99 326.0 13.5 526.0 0.01-8 0.851 9-.

7

0.000977 1.06798 0.539
26.0 17.73 329.0 13.3 513.0 0.01-9 3.8-7 93.9 0.00097- 1.06696 0.5—
28.0 17.20 331.. 13.0 -81.0 0.015 0.8-0 92.8 0.030972 1.06-9- 0.555
30.0 16.69 31.0.0 12.7 -56.0 0.0151 3.833 92.1 0.00397- 1.06298 0.566
32.0 16.20 3-6.0 12.- -33.0 0.0150 3.827 91.8 0.000980 1.05108 0.5 78

3-.0 15.72 353.0 12.1 -1-.0 0.01-9 0.822 91.7 . 99 1.3592- 0.589
36.0 15.26 361.0 11.9 398.0 0.01-8 3.818 91.8 3.00100 1.057-7 0.599
38.0 l*. 82 369.0 11.6 383.0 0.01-6 3.815 92.1 0.00102 1.0557 8 0.6O9
1.0.0 11.. 39 377.0 11.- 371.0 0.01-- 0.813 92.5 0.001.- 1.35-15 0.618

-5.0 13.41 399.0 10.8 3-5.0 0.0138 3 .812 93.9 0.00110 1.050-1 0.636
50.0 12.51. 1.23.0 10.- 327.0 0.0 131 3.816 95.7 0.00118 1.0-739 0.6-9
55.0 11.77 1.1.8.0 1O.0 313.0 0.012- 0.823 97.8 0.00126 1.0— 15 0.658
60.0 11.08 -7-.0 9.70 302.0 0.0117 3.833 100.0 . 1 36 1.0-15- 0.665
65.0 10.1.7 500. C 9.42 293.0 0.0111 3.8-5 102.0 3.031-6 1.03922 0.669
70.0 9.923 526.0 9.19 285.0 0.0105 0.859 135.0 3.00157 1.03715 0.672
75.0 9.1.29 553.0 8.98 2 79.0 0.0099- 0.87- 107.0 0.00169 1.03528 0.673
80.0 8.983 579.0 8.81 27-. 0.0C9-5 3.890 110.0 ». 00181 1.33359 0.67-
90.0 8.210 632.0 8.51 265.0 0.00859 0.92- 11-. 3.002C7 1.33067 0.673

100.0 7.561 685.0 8.28 258.0 0.00788 0.960 119.0 0.00235 1.02823 0.671

125.0 6.323 817.0 7.86 2-6.0 0.00652 1.05 130.0 0.00312 1.02357 0.657
150.0 5.1.39 91.8.0 7.60 238.0 0.00557 1.15 1-2.0 0.00399 1.02026 0.653
175.0 i. .775 1080.0 7.1.2 233.0 0.00-87 1.2- 153.0 J. 00-93 1.31777 0.650
200.0 -.257 1210.0 7.28 228.0 u. 03-33 1.33 16-. 0.00595 1.C1583 0.6-9
225.0 3.81.1 13-0.0 7.18 225.0 0.03390 l.-l 17 5.3 0.00703 1.01-28 0.6-8
250.0 3.500 11.70.0 7.10 222.0 0.03355 1.-9 185.0 0.00818 1.31331 0.6-8
275.0 3.2H 1600.0 7.0- 223 .0 0.00326 1.57 196.0 0.00939 1.C119- 0.6-8
300.0 2.972 1720.0 6.99 218.0 0.03331 1.65 206.0 3.0107 1.0110- 0.6-9
350.0 2.583 1980.0 6.91 215.0 0.00262 1.81 227.0 0.0135 1.03959 0.652
40 0.0 2.281. 22-0.0 6.85 213.0 0.03232 1.96 2-8.0 0.0166 1.008-8 0.655

1.5 0.0 2.01.7 2500.0 6.81 212.0 0.00238 2.12 268.0 0.0199 1.00759 0.657
500.0 1.851. 2750.0 6.77 210.0 0.00188 2.27 288.0 0.0236 1.C0688 0.658
600.0 1.560 3270.0 6.72 208.0 0.00159 2.56 325.0 J. 0316 1.00579 0.660
700.0 1.31.7 3790.0 6.69 267.0 0.00137 2.8- 362.0 u.0-07 1.03-99 0.661
800.0 1.18l> 1.300.0 6.66 206.0 0.00120 3.11 397.0 0.0506 1.00-39 0.662
900.0 1.057 -820.0 6.61. 2C5.C 0.001 08 3.37 -31.0 0.0615 1.00392 0.662
1000.0 0.951.3 531.0.0 6.63 20-. 0.000972 3.63 -6-.0 0.0733 1.0335- 0.663
1100.0 0.8698 5850.0 6.62 2--.0 0.000886 3.88 -96.0 0.D86C 1.03322 0.663
1200.0 0.7990 6370.0 6.61 2C3.0 0.03081- -.12 527.0 0.099- 1.30296 0.663
1300.0 0.7389 6890.0 6.60 203.0 3.000753 -.36 558.0 0.11- 1.0j27- 0.663

H.0 0.0 0.6871 71.10.0 6.59 203.0 0.000703 -.59 587.0 0.129 1.30255 0.66-
1500.0 0.61.22 7920.0 6.59 202.0 0.000655 -.82 617.

C

0.1-5 1.30238 0.66-

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

300. C ATMOSPHERE ISOBAR

TEMPERATURE VOLUME
CC/G

ISOTHERM ISOCHORE
DERIVATIVE DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

BEG. K *• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

7.0 0.01.050 5910.0 I 2.5 24.63 147.7 1.861 2.640 2.947 817.8
7.5 0.01.067 5880.0 1 1.7 25.52 149.2 2.060 2.535 2.829 815.6
8.0 0. OiiOBi. 5840.0 : 1.3 26.39 150.5 2.241 2.470 2.767 814.4
8.5 D.D.lbi 5800.0 1 1.2 27.24 151.9 2.408 2.435 2.747 614.0
9.0 0.01.116 5750.0 1 1.2 28. 08 153.2 2.565 2.424 2.760 814.2
9.5 C.OnliJ 5700.0 1.3 28.91 154.5 2.715 2.432 2.798 814.8
ICO 0.01.150 5640.0 1 1.4 29.76 155.9 2.861 2.455 2.857 815.6
11.0 0.04187 5530.0 1.6 32.03 15 9.3 3.189 2.531 3.010 816.5
12.0 0.04225 5440.0 1.8 34.45 162.9 3.508 2.640 3.195 316.4
13.0 0.04265 5350.0 1.8 37.04 166.7 3.818 2.752 3.376 815.2

1^.

a

0.04306 5260.0 1.7 39.30 170.7 4.120 2.847 3.531 813.2
15.0 0.04347 5180.0 i 1.5 42.69 174.8 4.412 2.913 3.650 811.1
16.0 0.04390 5100.0 1 1.4 45.11 178.6 4.651 2.578 3.781 809.9
17.0 0.04434 5020.0 1 1.3 47.62 18 2.4 4.884 3.031 3.697 808.7
18.0 0.04479 4940.0 1 1.2 50.21 136.3 5.110 3.073 4.001 807.3
19.0 0.04525 4860.0 1 1.0 52.36 190.4 5.329 3.103 4.095 805.8
20.0 0.0*572 4790.0 1 0.9 55.57 194.5 5.541 3.135 4.181 804.3
21.0 0.04620 4710.0 0.7 58.33 198.8 5.747 3.158 4.261 802.6
22.0 0.04668 464C.0 1 0.5 61.15 203.1 5.947 3.176 4.335 801.2
23.0 0.04718 457 0.0 10.

3

64. 207.4 6.141 3.192 4.404 799.6

24.0 0.04769 4510.0 1 0.2 66.89 211.9 6.330 3.205 4.469 798.0
25.0 0.04821 4440.0 0.0 69.82 216.4 6.514 3.216 4.531 796.4
26.0 0. 0*873 43 8 0.0 9. 78 72.79 220.9 6.693 3.226 4.590 794.9
28.0 0.04981 42 7 0.0 9.41 78.81 230.2 7.037 3.242 4.701 791.8
30.0 0.05092 4160.0 9.04 84.94 239.7 7.365 3.255 4.802 788.9
32.0 0.05206 4070.0 8.69 91.17 249.4 7.678 3.266 4.695 766.3
3<>.0 0.05323 3990.0 8.35 97.48 259.3 7.977 3.276 4.980 783.9
36.0 0.05443 3920.0 8. 02 103.9 269.3 8.264 3.285 5.056 781.9
38.0 0.05565 3860.0 7.70 110.3 279.5 6.539 3.292 5.125 780.2
1.0.0 0.05690 3810.0 7.40 116.9 239.8 6.804 3.299 5.187 778.9

45.0 0.06011 37 2 0.0 6.71 133.4 316.1 9.422 3.313 5.311 777.1
50.0 0.06342 3670.0 6.11 150.1 342.9 9.99 3.323 5.396 777.3
55.0 0.06680 3660.0 5.69 167.0 370.0 10.50 3.329 5.451 779.3
60.0 0.07022 3680.0 5.13 183.9 39 7.3 10.98 3.332 5.483 782.7
65.0 0.07368 3710.0 4.74 200.8 424.8 11.42 3.334 5.498 787.3
70.0 0.07715 3760.0 4.39 217.8 452.3 11.83 3.333 5.502 792.8
75.0 0.03064 3820.0 4.09 234.7 479.8 12.21 3.331 5.499 798.9
60.0 0. 08412 3880.0 3.83 251.6 507.3 12.56 3.328 5.490 805.6
90.0 0.09109 4030.0 3.38 285.2 562.1 13.21 3.320 5.465 819.9
100.0 0.09803 4190.0 3.03 318.6 616.6 13.78 3.311 5.436 835.2

125.0 0.1153 46 3 0.0 2.39 401.2 751.6 14.99 3.287 5.367 875.3
150.0 0.1324 5090.0 1.98 482.7 885.1 15.96 3.266 5.315 915.9
175.0 0.1493 5560.0 1.69 563.4 1017.0 16.7 6 3.248 5.277 956.2
200.0 0.1663 6030.0 1.47 643.6 1149.0 17.48 3.234 5.250 996.0
225.0 0.1831 6500.0 1.31 723. 3 1280.0 18.10 3.222 5.231 1034.0
25 CO 0.2000 6980.0 1.18 802.7 1411.0 18.65 3.212 5.217 1072.0
27 5.0 0.2168 7460.0 1.07 881.9 1541.0 19.14 3.204 5.207 1109.0
300.0 0.2336 7950.0 0.980 960.8 1671.0 19.60 3.198 5.200 1144.0
35 0.0 0.2672 8920.0 0.840 1118. 1931.0 20.40 3.187 5.191 1213.0
1.00.0 0.3009 9900.0 0.736 1276.0 2190.0 21.09 3.179 5.186 1279.0

1.5 0.0 0.3345 10900.0 0.655 1432.0 2449.0 21.70 3.173 5.183 1342.0
500.0 0.3632 11900.0 0.590 1589. 2708.0 22.25 3.169 5.181 1402.0
600.0 0.4356 13800.0 0.492 1902.0 3226.0 23.19 3.162 5.180 1516.0
700.0 0.5031 15800.0 0.423 2215. 3744.0 23.99 3.157 5.130 1623.0
800.0 0.5706 17300.0 0.370 2528. 4263.0 24.68 3.154 5.131 1723.0
900.0 0.6382 19800.0 0.329 2841. 4781.0 25.29 3.151 5.181 1818.0

1000.0 0.7058 218 0.0 0.297 3153.0 5299.0 25.84 3.149 5.182 1908.

C

110C0 0.7735 23900.0 0.27 3466.0 5817.0 26.33 3.147 5.183 1995.0
1200.0 0.8412 25900.0 0.247 3778.0 6335.0 26.78 3.146 5.183 2078.0
1300.0 0.90 39 27900.0 0.229 4091. 6854.0 27.20 3.145 5.184 2158.0

1400.0 0.9767 29900.0 0.212 4403.0 7372.0 27.58 3.143 5.184 2235.0
1500.0 1.044 31900.0 0.193 4716. 7891.0 27.94 3.143 5.185 2309.0

THO-PHASE aOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATED FACTOR
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300.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENS ITT -V<OP/OV>„ IOV/OTI/V THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MH/CM-K G/CM-S SQ-CM/S
*• X 1OC00O0

8 5 24 39
9 2". 29
9 5 24 20

10 2". .10
11 23 89
12 23 .67
13 23 1.5

14 23 22
15 23 00
16 22 78
17 22 55
18 22 33
19 22 ID
20 21 87
21 21 65
22 21 <>2

23 21 19

21. 20 97
25 20 74
26 20 52
28 20 OS
30 19 64
32 19 21
34 18 79
36 18 .37
38 17 97
1.0 17 57

45 16 64
50 15 .77

55 1". 97
60 1". .24
65 13 57
70 12 96
75 D 12 40
so 11 89
90 10 99

10 10 .20

12 5 D 8 675
150 7 555
17 5 6 696
200 D 6 015
225 5 4il
250 5 031
275 D 4 613
30 4 251
350 3 742
<>0 3 324

".5 2 959
500 2 716
60 2 .296
7D0 1 918
800 1 .752
90 1 .567

100 1 417
110 1 .293
120 1 .199
130 D 1 .100

K.0O D 1 024
150 .957

349.0
349.0
348.0
345.0
342.0
341.0
341.0
349. G

359.0

369.0
377.0
384.0
389.0
394.0
399.0
403.0
4O6.0
410.0
413.0

416.0
419.0
422.0
428.0
434.0

489.0
511.0
535.0
559.0
584.0
610.0
636.0
662.0
716.0
769.0

901. D

1030.0
1160.0
1290.0
1420.0
1550.0
1680.0
1810.0
2060.0
2320.0

2580.0
2830.0
3350.0
3860.0
4380.0
4890.0
5410.0
5920.0
6440 .3

6960.0

19.3
19.3

16.6
16.3
16.1

15.3

15.1
14.9
14.8
14.5
14.1
13.8

13.3
13.0
12.8

9.27
8.96

8.39
8.02

1460.
1450 .

1410.0
1400.0
1380.0
1360 .0

1320 .0

1290.0
1250 .0

1220.0
1190.0
1160.0
1130 .0

1100 .0

1070 .0
1050 .0

10 20.0
995.0
969.0

945.0
922.0
899.0
857.0
818.0
7 82.0
750 .0

720.0
693.0
669.0

619.0
579.0
548.0
523.0
504.0
4 87.0
473.0
462.0

402.0
384.0
372 .0

363.0
355.0
349.0
344 .0

340.0
334.0
329.0

325.0
322.0
318.0
315.0
313.0
311.0
3 09.0
3L8.0
307.
307.0

306.0
305.0

0.00856
0.00911
0.00792
0.00790
0.00800
0.00817
0.00838
0.00882
0.00917

. 94

1

0.00957
. 96 8

0.00985
0.0100
0.0101
0.0103
0.0104
0.0105
0.0106
0.0107

0.0107
0.0108
0.0109
0.0110
0.0111
0.0111
0.0111
0.0111
0.0111
0.0111

0.0109
0.0106
0.0102

. 98 1

0.00941
0.00902
0.00864
CO 82 9

0.00764
0.00707

0.00595
0. 00515
0.00454
0.00406

. 36 8

0.00337
0.00310
0.00288
0.00252
0.0 22

4

0.00201
0.00183
0.00155
0.00134
C. 00118
u. 00106
0.000958
0.000875
C. 000805
C. 000745

868 573
900 498
929 440

3 954 394
977 357 a

1 00 326
1 01 300
1 04 259
1 06 228 a

1 07 205

1 07 188
1 08 174
1 US 163
1 08 154
1 08 147
1 07 141
1 07 135
1 06 131
1 06 128
1 05 125

1 05 12 2

1 04 120
1 04 118
1 03 115
1 02 113
1 01 111
1 00 110
D 993 109

987 109
.982 108

973 108
.969 109
968 110
.972 112

O 978 114
.987 116

1 00 118
1 01 120

2.30
2.58
2.86
3.13
3.39
3.64
3.89
4.13
4.37

.60

189.0
199.0
208.
229.0
250.0

270.0
289.0
327.0
363.0
398.0
432.0
465.0
497.0
528.0
558.0

588.0
618.0

0.00119
0.00129
0.00137
0.00142
0.00146
0.00147
0.0 014 7

O.0J144
0.00140
0.C0135

0.00131
0.00128
0.00125
0.00123
0.00121
0.00119
3.00117
0.00115
0.00114
0.00113

0.00112
0.00111
C. 00110
0.00109
0.00108
0.00107
0.00107
0.00107
0.00107
0.00108

0.00110
0.00114
0.00119
0.00124
0.00131
0.00138
0.00146
0.00155
0. 00173
0.00192

U. 00246
0.00307
0.00372
0.0G442
0.00516
0.00594
0.00676
0.00762
0.00952
0.C116

. 1 39
0.0163
0.0217

0.0581
0.0671
0.0766

1.09399
1.09359
1.09321
1.09283
1.09245
1.09207
1.09168
1.09085
1.09000
1.08913

1.08827
1.08741
1.09653
1.08566
1.08478
1.08389
1.08301
1.08213
1.08124
1.08037

1.07949
1.07862
1.07775
1.07603
1.07434
1.07267
1.07104
1.06944
1.06788
1.06636

1.06276
1. 15942
1.05637
1.05357
1.05102
1.04869
1.04656
1.04460

1.03243
1.32821
1.02497
1.02242
1.02034
1.01862
1.01716
1.01592
1.01391
1.01235

1.01110
1.01008
1.00852
1.00737
1.03650
1.00581
1.00525
1.00479
1.00441
1.0O408

0.915
0.845
0.750
0.691
0.650

0.617
0.589
0.571
0.556
0.545
0.536
0.530
0.525
0.522
0.520

0.5 20
0.520
0.521
0.525
0.531
0.539
0.547
0.555
0.564
0.572

0.592
0.609
0.622
0.632
0.639
0.645
0.649
0.651
0.654
0.6 54

0.644
0.641
0.639
0.638
0.637
0.637
0.638
0.639
0.644
0.648

0.651
0.6 53
0.656
0.658
0.659
0.660
0.661
0.661
0.662
0.662

0.662
0.663



THERMODYNAMIC PROPERTIES OF HELIUM I.

J.00. ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K •• X .01 CC-ATN/G ATH/K J/G J/G J/G-K J/G-K M/S

8.0 0.0381.3 7210.0 12.5 32.53 188.3 1.9*8 2.593 2.85* 896.8
8.5 0.03855 7170.0 12.2 33.37 189.6 2.117 2.*63 2.727 896.7
9.0 0.03868 7120.0 12.1 3*. 16 190.9 2.271 2.382 2.661 897.6
9.5 0.03881 7070.0 12.1 3*. 92 192.2 2.*1* 2.3*0 2.6*3 899.2

10.0 0.03891. 7020.0 12.3 35.66 193.5 2.550 2.329 2.662 901.3
11.0 0.03922 690 0.0 12.9 37.71 196.7 2.859 2.382 2.793 905.5
13.0 0.03952 6610.0 13.2 39.90 200.1 3.160 2.50* 2.992 908.0
13.0 0.03983 6730.0 13.* *2. 28 203.7 3.*58 2.6*2 3.198 908.

5

lit. 0.OHO15 6660.0 13.3 **.87 207.6 3.752 2.76* 3.37* 907.5
15.0 0.01.01.7 6590.0 13.2 *7.62 211.7 *.037 2.8*7 3.503 906.1

16.0 o. git osi 6510.0 13.1 *9.85 215.2 *.268 2.922 3.63* 905.9
17.0 0.01.111. 6**0.0 13.0 52.17 218.9 *.*92 2.98* 3.750 9C5.5
18.0 0.01.11.9 6370.0 12.9 5*. 57 222.7 *.709 3.03* 3.853 905.0
19.0 0. 0*181. 6290.0 12.7 57.05 226.6 *.920 3.075 3.9*5 90*.*
20. 0.0*220 6220.0 12.6 59.59 230.6 5.12* 3.109 *.C29 903.7
21.0 0. 0*256 6150.0 12.* 62. 18 23*.

7

5.323 3.137 *.105 902.9
22.0 0.0*293 6060.0 12.3 6*. 83 238.8 5.515 3.160 *.175 902.0
23.0 0.0*330 6010.0 12.1 67.52 2*3.0 5.702 3.179 *.2*1 901.0
21.. 0.0*368 59*0.0 11.9 70.25 2*7.3 5.88* 3.196 *.3C2 900.0
25.0 0.0**07 5870.0 11.7 73. 02 251.6 6.061 3.211 *.360 898.9

26.0 0.0***6 5810.0 11.5 75.83 256.0 6.233 3.223 *.*16 897.8
28.0 0.0*525 5680.0 11.2 61.55 265.0 6.56* 3.2*5 *.520 895.*
30.0 0.0*607 5560.0 10.8 87.38 27*.

1

6.879 3.263 *.616 892.9
32.0 0.0*690 5*50.0 10.* 93.33 283.* 7.180 3.279 *.705 890.*
31.. 0.0*775 5350.0 10. 1 99.37 29 2.9 7.*68 3.292 *.788 887.9
36.0 0.0*862 5260.0 9.75 105.5 302.6 7.7** 3.30* *.866 885.5
36.0 0.0*951 5170.0 9.*3 111.7 312.* 8.009 3.316 *.938 683.2
1.0.0 0.050*1 5090.0 9.11 118.0 322.3 8.26* 3.326 5. 00* 881.1

1.5.0 0.05273 1.93 0.0 6.37 13*. 3*7.7 8.862 3.3*6 5.1*8 876.7
50.0 0.05512 *S20.0 7.71 150.3 373.7 ?.*10 3.362 5.259 873.9
55.0 0.05758 *7*0.0 7.11 166.9 *00.3 9.916 3.373 5.3*3 872.5
60.0 0.06009 *700.0 6.58 183.6 *27.1 10.38 3.38C 5.*02 672.7
65.0 0.06263 *690.0 6.11 200.* *5*.2 10.82 3.38* 5.**2 87*.

1

70.0 0.06520 1.700.0 5.69 217.3 *81.5 11.22 3.386 5.*66 876.6
75.0 0.06778 *720.0 5.32 23*. 2 508.9 11.60 3.386 5.*79 880.0
80.0 0.07 37 1.76 0.0 *.99 251.1 536.3 11.95 3.38* 5.*8* 88*.

2

90.0 0.07556 1.37 0.0 *.*3 28*. 8 591.1 12.60 3.377 5.*76 69*.

2

100.0 0.08076 5000.0 3.97 318.5 6*5.8 13.17 3.368 5.*57 905.8

125.0 0.09367 5380.0 3.16 *01.8 781.* 1*.39 3.3*1 5.395 938.*
150.0 0.1065 5810.0 2.61 *8*.l 915.6 15.36 3.316 5.339 973.3
175.0 0.1192 6250.0 2.23 565.5 10*8. 16.18 3.29* 5.296 1009.0
200.0 0.1318 6700.0 1.95 6*6. 3 1180.0 16.89 3.275 5.26* 10**.
225.0 0.1*** 7160.0 1.73 726.5 1312.0 17.51 3.260 5.2*1 1080.0
250.0 0.1570 7620.0 1.55 806.* 1**3.0 18.06 3.2*7 5. 223 111*.0
275.0 0.1695 8090.0 l.*l 885.9 1573.0 18.56 3.2 36 5.211 11*8.0
300.0 0.1820 8560.0 1.29 965.2 1703.0 19.01 3.227 5.201 1182.0
35 0.0 0.2071 95 0.0 1.11 1123. 1963.0 19.81 3.213 5.189 12*7.0
ltOO.0 0.2322 10500.0 0.97* 1281. 2 22 2.0 20.50 3.202 5.183 1310.0

1.5 0.0 0.2573 11*00.0 0.867 1*38.0 2*81.0 21.11 3.19* 5. 179 137 0.0
500.0 0.282* 12*0 0.0 0.781 1595.0 27*0.0 21.66 3.187 5.177 1*28.0
600.0 0.3328 1*300.0 0.652 1909.0 3 25 8.0 22.60 3.178 5.176 1539.0
700.0 0.3832 16300.0 0.560 2222.0 3775.0 23. *0 3.171 5.176 16*2.0
800.0 0.*336 18300.0 0.*91 2535. *293.0 2*. 09 3.167 5.177 17*0.0
900.0 0.*8*1 20300.0 0.*37 28*8. *811.0 2*. 70 3.163 5.173 183*.

1000.0 0.53*7 22300.0 0.39* 3161.0 5328.0 25.25 3.160 5.178 1923.0
1100.0 0.5853 2*300.0 0.358 3*7*. 58*6.0 25.7* 3.158 5.179 20C8.0
1200.0 0.6359 26300.0 0.329 3787.0 636*. 26.19 3.156 5.180 2089.0
1300.0 0.6866 28300.0 0.30* *100. 6882. 26.60 3.15* 5.181 2168.0

litOO.O 0.7372 30300.0 0.282 **12.0 7*00.0 26.99 3.153 5.181 22**.
1500.0 0.7879 32300.0 0.263 *725. 7918. 27.35 3.152 5.182 2318.0

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUHN HAVE BEEN MULTIPLIED BY INDICATED FACTOR
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1.00.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DE1SITY

a.o 26.02
9.5 25.9%
9.0 25.85
9.5 25.77

10.0 25.68
11.0 25.50
12. 25.31
13.0 25.11
14.0 21.. 91
15.0 21.. 71

16.0 2". .51

17.0 21.. 31
18.0 24. 10
19.0 23.90
20.0 23.70
21.0 23.50
22.0 23.29
23.0 23.09
24.0 22.89
25.0 22.69

26.0 22.1.9
28.0 22.10
3O.0 21.71
32.0 21.32
34.0 20.91.

36.0 20.57
38.0 20.20
1.0.0 19.81.

<>5.0 18.97
50.0 16.11.

55.0 17.37
60.0 16.6.
65.0 15.97
70.0 15.31.

75.0 14.75
80.0 14. 21

90.0 13.23
100.0 12.38

125.0 10.68
150.0 9.393
175.0 8.392
20 0.0 7.588
225.0 6.926
250.0 6.371
275.0 5.900
300.0 5.493
350.0 4.828
1.00.0 4.306

1.50.0 3.886
500.0 3.540
600.0 3.005
700.0 2.610
800.0 2.306
900.0 2.065
1000.0 1.870
1100.0 1.709
120 0.0 1.573
1300.0 1.457

11.00.0 1.356
150 0.0 1.259

VCDH'DVI VtDP/OU) -V (01

P v

J/G ATM-CC/J A

429.0 18.6 1860.0
417.0 19.0 1860.0
406.0 19.6 1840.0
396.0 20.1 1S20.0
389.0 20.6 1800.0
392.0 21.2 1760 .0

390.0 20.9 1720 .0

404.0 20.2 1690 .0

420.3 19.4 1660.0
433.0 18.7 1630.0

443.0 18.3 1600 .0

451.0 17.9 1570 .0

459.0 17.6 1530 .0

466.0 17.3 1500.0
472.0 17.1 1470 .0

477.0 16.9 1440 .0

492.0 16.7 1420.0
497.0 16.5 1390 .0

496.0

500.0
508.0
516.0
524.0
532.0
539.0
547.0
555.3

575.0
597.0
619.0
643.0
667.0
692.0
718.0
744.0
796.3
850.

983.0
1120.0
1250.0
1360.0
1500.0
1630.0
1760.0
1890.0
2140.0
2400.0

2650.0
2910.3
3420.0
3930.0
4450.0
4960.0
5470.3
5990.0
6510.0
7020.0

7540.0
8050.0

8.84
8.39
8.07
7.83
7.65
7.51

6.66
6.64
6.62

V(OP/DV> (OV/OTI/V
P

1/OEG.K

0.00667
0.00654
0.00655

. 3 6b 7

0.00684
0.00731

. 76 8

0.00792
0.30804
3.30810

0.30821
0.00831
0.30840
0.00847
0.00854

. 86
3.00866
0.00871
3.00875
0.00879

C. 00894
3.00898

. 90 1

0.00902
0.00903
3. 06932

0.GC895
3.30882
. 86 3

0.30841
3.00816
0.00790

. 76 4

C. 00738
0.00688
3.00642

0.00549
C. 00479
3.00425
0.00383
0.00348
0.30320
0.30296
0.00276
0.30242
3.0021b

0.00195
0.00178
0.00151
L". 00132
3.30116
0.00104
0.000946
3.000865
0.000796
0.303738

3.330687
0.300643

THERMAL VISCOSITY THERMAL
CONDUCTIVITY DIFFUSIVITY

MH/CM-K G/CM-S SO-CM/S
•• X 1000000

1310 .0

1263.0
1210 .0

1160.0
1123 .0

10 60 .0

1040 .0

1310.0

935.0
874.0
824.0
763.0
749.0
721.0
697 .0

677.0
644.0
619.0

575.0
546.0
524.0
508.0
496.0
485.0
477.0
470 .0

459.0

4 39.0
431.0
426.0
422.0
419.0
416.0

1.09

1.17
1.19

1.25
1.24

413.

779.0
679.

C

599.0
535. 6

483.0
401.0
343.3
300.0
267.0
242.0

222.0
206.0
19 3.0
182.0
174.0
166.0
160.0
155.0
150.0

143.0
137.0
133.0
130.0
128.0
126.0
125.0
124.0

122.0
122.3
122.0
123.0
124.0
126.3
127.0
129.0
133.0
136.0

145.0
155.0
165.3
174.0
184.0
193.0
232.0
211.0
232.0
252.0

272.0
291.0
329.0

589.0
618.0

3.00147
J. 03159
0.00167
0.03172
0.00174
0.03172
3.0C164
3.33156
3.03150
0.00146

0.00142
0.00139
3.03136
0.00133
0.00131
0.00129
3.BC127
3.00125
3.03124
0.03123

0.00121
0.03119
3.30118
0.00116
0.00115
3.00115
0.00114
0.00114

0.00114
3.03116
C. 00119
3.03122
0.00127
0.00132
0.03138
0.00144
0.00158
0.00173

0.00215
0.30262
3.00313
0.00367
3.03424

0.01C8
3. 0127
0.0168
3.0213
3.0264
u.0319
3.0378
3.0441

1.09923
1.09889
1.09856
1.09823
1.097S9
1.09717
1.09641
1.09563

1.09407

1.09328
1.09249
1.09170
1.09091
1.39312
1.08933
1.C8854
1.08775
1.08697
1.08619

1.08542
1.08388
1.08236
1.08386
1.07938
1.07793
1.07650
1.07511

1.07173
1.36855
1.36557
1.06278
1.06018
1.05777
1.05554
1.05346
1.C4973
1.04648

1.04000
1.03514
1.03136
1.02833
1.32584
1.02376
1.02199
1.020

1.01445
1.C1316
1.01116
1.03969
1.33856
1.0j766
1.03694
1.C3634
1.33583
1. j543

1.21
1.08
0.917
0.826
0.763
0.714
0.669

0.637
0.612
0.591
0.574
0.560
0.549
0.541
0.534
0.529
0.525

0.523
0.520
0.521
0.5 24
0.528
0.534
0.540
0.547

0.563
0.579
0.593
0.605
0.614
0.622
0.627
0.631
0.636
0.639

0.631
0.629
0.628
G.627
0.626
0.627
0.628
0.629
G.6 36
0.641

0.645
0.648
0.652
0.655
0.657
0.658
0.659
0.663
G.663
3.661

• THO-PHASE BOUNDARY
•• NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INDICATED FACT03
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THERMODYNAMIC PROPERTIES OF HELIUM 4

500.0 ATMOSPHERE ISOBAR

rEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

9.5 0.03691. 83 3 0.0 12.7 1.1.13 226.3 2.177 2.269 2.525 969.3
10.0 0.03705 8270.0 13.0 1.1.80 229.5 2.306 2.214 2.497 972.4
11.0 0.03727 8160.0 13.9 1.3.62 232.5 2.591. 2.238 2.603 980.5
12.0 0.03752 8070.0 11.. 5 1.5.57 235.7 2.878 2.371 2.818 985.9
13.0 0.03778 8010-0 11.. 8 1.7.75 239.2 3.165 2.538 3.055 988.1
14.0 0.03805 7950.0 11.. 9 50.18 21.3.0 3.1.52 2.688 3.260 988.1
15.0 0.03 8 33 7890.0 11..

7

52.82 21.7.0 3.735 2.792 3.405 987.3
16.0 0.03860 7820.0 lit.

7

51.. 89 250.5 3.959 2.874 3.538 967.6
17.0 0.03889 7750.0 1<>.

6

57. 06 251..

1

4.177 2.943 3.655 987.7
18.0 0.03917 7680.0 11.. 1. 59.32 257.8 4.389 2.999 3.759 987.8

19.0 0. 03946 7620.0 lit.

3

61.65 261.6 4. 595 3.046 3.851 987.7
20.0 0.03976 7550.0 14.2 61.. 05 265.5 4.794 3.084 3.934 967.6
21.0 0.01.005 71.80.0 H. 66.52 269.1. 4.988 3.117 4. CIO 987.4
22.0 0.01.036 71.10.0 13.6 69.0 3 273.5 5.176 3.144 4.078 987.0
23.0 0.01.066 7350.0 13.6 71.60 277.6 5.359 3.167 4.142 986.6
24'.0 0.01.097 72 8 0.0 13.5 74.21 281.8 5.536 3.187 4.202 986.1
25.0 0.01.128 7210.0 13.3 76.66 286.0 5.709 3.204 4.258 985.4
26.0 0.01.160 7150.0 13.1 79.5U 290.3 5.877 3.219 4.311 984.7
26.0 0.01.221. 7020.0 12.7 85. 3 299.0 6.200 3.246 4.410 983.0
30.0 0.0<>289 6900.0 12.3 90.63 307.9 6.508 3.268 4.501 981.1

32.0 0.01.355 6780.0 12.0 96.36 317.0 6.801 3.287 4.586 979.0
3i». 0. 01.1.23 6670.0 11.6 102.2 326.3 7.081 3.305 4.666 976.7
36.0 0. Oi. 1.91 6560.0 11.3 108. 1 335.7 7.350 3.320 4.741 974.4
38.0 0.01.561 61.60.0 10.9 114.1 31.5.2 7.608 3.334 4.812 972.0
1.0.0 0. 01.632 6370.0 10.6 120.2 351..

9

7.857 3.347 4.878 969.6

1.5.0 0.01.813 6160.0 9.81 135.8 379.7 8.440 3.375 5. 025 964.2
50.0 0.05000 6000.0 9.10 151. 8 1.05.1 8.976 3.396 5.146 959.6
55.0 0.05193 5870.0 8.1.6 168. 1.31.1 9.471 3.412 5.243 556.1
60.0 0.05389 5780.0 7.88 181.. 5 1.57.5 9.931 3.423 5.319 953.9
65.0 0.05588 5720.0 7.36 201.2 1.81..

3

10.36 3.431 5.376 952.9
70. 0.05790 5690.0 6.88 217.9 511.2 10.76 3.435 5.416 953.1
75.0 0.0599". 5670.0 6.1.6 231..

7

538.1. 11.13 3.436 5.444 954.2
8 0.0 0.06199 5680.0 6.08 251.6 565.7 11.49 3.436 5.461 956.2
90.0 0.06611 5730.0 5.1)2 285.1. 620.3 12.13 3.431 5.473 962.3

10 0.0 0.07025 5820.0 4,88 319.2 675.1 12.71 3.422 5.466 570.

6

125.0 0.08056 611.0.0 3.89 1.03.0 811.1 13.92 3.394 5.416 997.0
150. 0.09078 6530.0 3.23 1.85.9 91.5.8 14.90 3.365 5.360 1027.0
17 5.0 0.1039 691.0.0 2.76 568. 1079.0 15.73 3.339 5.314 1058.0
200.0 0.1110 7370.0 2.1.1 61.9. 3 1212.0 16.43 3.316 5.277 1090.0
225.0 0.1210 7810.0 2.11. 730.0 1343.0 17.05 3.298 5.250 1122.0
250.0 0.1310 8260.0 1.52 810.3 11.71.. 17.61 3.282 5.230 1155.0
275.0 0.11.10 6710.0 1.75 890.2 1605.0 18.10 3.269 5.214 1186.0
300.0 0.1510 9160.0 1.60 969.9 1735.0 18.56 3.257 5.203 1218.0
35 0.0 0.1710 10100.0 1.38 1129. 1995.0 19.36 3.239 5.188 1279.0
WO.. 0.1909 11000.0 1.21 1287.0 2251.. 20.05 3.225 5.180 1339.0

1.5 0.0 0.2109 12000.0 1.08 11.1.1.. 2513.0 20.66 3.215 5.175 1397.0
500.0 G.2309 12900.0 0.969 1602. 2771.0 21.20 3.207 5.172 1453.0
600. 0.2710 11.8 0.0 0.B1O 1916.0 3288.0 22.15 3.194 5.171 1560.0
700.0 0.3111 16800.0 0.697 2229.0 3806.0 22.94 3.186 5.171 1661.0
800.0 0.3513 18700.0 0.611 251.3. 1.323.0 23.63 3.180 5.172 1757.0
90.C.0 0.3916 20700.0 0.51.1. 2856.0 1.81.0.0 24.24 3.175 5.174 1848.0

1000,. 0.1.319 22700.0 0.490 3169.0 5357.0 24.79 3.171 5.175 1936.0
1100.0 0.1.723 21.700.0 0.1.1.6 31.82. 5875.0 25.28 3.168 5.176 2020.0
1200.0 0.5126 26600.0 0.1.09 3795. 6393.0 25.73 3.166 5.177 2101.0
1300.0 0.5531 28600.0 0.378 1.108. 6910.0 26.15 3.164 5.178 2178.0

11.0 0.0 0.5935 30600.0 0.351 1.1.21. 71.28.0 26.53 3.162 5.179 2254.0
150C.0 0.6339 32600.0 0.328 1.731.. 791.6.0 26.89 3.161 5.179 2327.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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500.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE OENSITY

DEG.K G/CC
• X 100

16.0
17.0

27.0?
26.99
26.83
26.65
26.1.7

26.28
26.09
25.90
25.72
25.53

25.31.

25.15
21.. 97

26 24 0l>

28 23 68

30 23 32

32 22 96
31. 22 61
36 22 27
38 21 92
1.0 21 59

45 20 .79

50 D 20 00

55 O 19 26
60 18 .56
65 17 9a

70 17 .27
75 16 69

80 16 .13

90 15 13
10 1". .2*

12 5 12 41
150 11 02
175 9 939
20 9 010
225 8 263
25 7 632
275 g 7 091
30 6 622
35 5 849
l>0 5 238

1.5 4 71.2

50 It 331
60 3 690
70 3 211.

80 2 84b
90 2 554

100 2 .315
110 D 2 117
120 1 951
130 1 808

HO 1 685
150 1 .577

VCDH/OVI
P

J/G

•.58.0

476.0
1.89.0

500.0
511.0

520.0
528.0
535.0
51.2.0

51.9.0

555.0
561.0
566.0
577. D

587.0

597.0
606.0
615.0
621..

633.0

656.0
678.3
701.0
721..

71.9.3

773.0
798.0
923.0
975.0
929.0

1060.0
1200.
1330.0
1460.0
1590.0
1710.0
1940.0
1970.0
2220.0
21.80.0

2730.0
2990.0
31.90.0

1.000.0
1.520.0

5030.0
551.0.0

6060.0
6570.0
7060.0

VCDP/DUI,

ATM-CC/J

22.1
21.1
20.2
19.7
19.2
18.9

18.5

7600.
8120.

15.5
15.2

14.

7

Ik.
13.1.

12.9
12.4
12.0
11.6
11.3

9.23
8.70

8.05
7.81.

7.05
6.98

6.60
6.58

-VCOP/DVI.

HTM

2260.0
2230.0
2193 .0
2150.0
2120 .0

2090 .0

2060 .0

2030 .0

1990 .0

1960 .0

1930 .0

1900 .0

1970.

C

191.0.0

1910 .0

1780 .0

1750.0
1720.0
1660 .0

1610 .0

1560.0
1510.0
11.63.0

1280.0
1200.0
1130 .0

1070.0
1020.0
982.0
91.7.0

916.0
867.0
829.0

(OV/OT1/V THERMAL VISCOSITY THERMAL
p CONDUCTIVITY DIFFUSIVITY

1/DEG.K MH/CM-K G/CM-S SQ-CM/S
•• X 1000003

763.
719.

645.0
6 30.0
617.0
607.0
590.0
577.0

567.0
559.0
51.8.0

539.0
533.0
5 29.0
525.0
522.0
520.0
518.0

516.0
514.

. 3 56 5

0.00581
0.30633
0.0 671.

0.00700
0.00712
0.00715
0.0C723
0.00730
0.00736

0.00741
0.00745
0.00749
3.00752
0.00755
0.00757
0.00759

. 76

1

. 76 4

3.00767

0.00769
0.00 77

0.00770
0.00771
0.00770

0.0 766
0.0 075 9

3.00748
0.30734
0.00718
0.00701
3.00682
0.00663
0.00625
0.00589

0.00510
0.00449
0.00400

. 36 2

0.00331
0.30305
0.00263
0.00264
0.00233
0.00209

. 19

0.00173
0.00149
0.00129
0.30115
0.00103
0.000934
0.000855
0.000788
0.300731

0.000681
0.000638

1.35

1.25
1.23

853.0
754.0
606.
501.0
426.0
370.0
328.3
295.0
269.0
249.0

231.0
217.0
206.0
196.0
199.0
191.0
175.0
169.0
161.0
155.0

150.0
146.0
143.0
140.0
139.0

136.0
134.0
134.0
134.0
135.0
136.0
137.0
138.0
141.0
144.0

151.0
160.0
170.0
179.0
188.0
196.0
205.0
213.0
234.0
254.0

274.0
293.0
330.0
366.0

0.00197
0.00203
3.00201
0.00190
3.00178
0.00169
0.0C163
0.00158
0.03153
0.00149

3.00146
0.00143
0.00141
J.CC138
0.00136
0.00135
0.C3133
0.00131
3.00129
3.00127

0.00125
0.00123
3.0U122
0.00121
0.03120

0.00120
0.00120
3.00121
0.00124
0.00127
0.00130
0.00135
0.00139
0.00150
0.03162

J. 00197
0. 00236

. 27 8

3.00322
0.00369
3.00417
3 . 3 46 7

0.0052u
3.00637
0.00764

0.00903
0.01C5
0.0138
0.0175
0.0215
0.0259
3.0307
0.0358
3.0412
3.0469

1.13334
1.10304
1.10239
1.1317
1.10397
1.10023
1.39950
1.09876
1.098C2
1.09729

1.39655
1.09581
1.09508
1.09435
1.09362
1.09293
1.09217
1.09146
1.09003
1. 38863

1.08724
1.08589
1.08453
1.08321
1.08190

1.07874
1.07573
1.07286
1.07016
1.06760
1.06520
1.06294
1.06082
1.05696
1.05355

1.04660
1.04129
1.03709
1.03369
1.03087
1.02850
1.02646
1.02470
1.02180
1.01950

1.01765
1.01611
1.01372
1.01194
1.01057
1.03948
1.00859
1.00796
1.00724
1.00671

1.37
1.12
0.990
C.904
0.934
0.771
0.722
0.693
0.651

0.625
0.603
0.566
0.571
0.559
0.550
0.542
0.536
0.529
0.523

0.522
0.523
0.525
0.529
0.533

0.546
0.5 59
0.572
0.594
0.594
0.602
0.609
0.614
0.621
0.6 24

0.619
0.618
0.617
0.616
0.616
0.617
0.619
0.619
0.629
0.634

3.639
0.642
0.649
0.651
0.654
0.656
0.657
0.658
0.659
0.660

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

600.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEO. K ** X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

11.0 0.03575 931.0.0 14.6 49.66 267.0 2.373 2.095 2.420 1045.0
12.0 0.03596 9260.0 15.6 51.37 270.0 2.640 2.240 2.653 1054.0
13.0 0.03619 9210.0 16.2 53.34 273.4 2.915 2.4 37 2.926 1058.0
11*. 0.0361.3 9170.0 16.3 55.60 277.1 3.196 2.618 3.164 1060.0
15.0 0.03667 9130.0 16.2 58.12 281.1 3.476 2.746 3.331 1059.0
16.0 0.03691 9060.0 16.1 60. 06 264.5 3.696 2.834 3.467 1060.0
17.0 0.03716 9000.0 16.0 62.11 286.0 3.910 2.908 3.587 1060.0
18.0 0.0371.1 6930.0 15.9 64.24 291.6 4.116 2.969 3.693 1061.0
19.0 0.03766 8360.0 15.8 66.46 29 5.4 4.320 3.021 3.787 1061.0
20.0 0.03791 6800.0 15.6 66. 75 299.2 4.516 3.063 3.871 1061.0

21.0 0.03817 8730.0 15.1. 71.10 303.1 4.707 3.099 3.946 1061.0
22.0 0.0391.2 8670.0 15.3 73.50 307.1 4.892 3.130 4.015 1061.0
23.0 0.03869 6600.0 15.1 75.96 311.2 5.072 3.156 4.078 1061.0
24.0 0.03895 851.0.0 14.9 78.47 315.3 5.247 3.176 4.137 1061.0
25.0 0.03922 81.80.0 14.7 61.02 319.4 5.417 3.198 4.192 1061.0
26.0 0.0391.8 8*10.0 14.5 83.61 323.6 5.582 3.216 4.243 1061.0
26.0 0.01.002 6290.0 14.1 88.90 332.2 5.900 3.247 4.339 1060.0
30.0 0.01.057 8170.0 13.7 94.33 341.0 6.203 3.273 4.428 1058.0
32.0 0.01.113 8050.0 13.3 99.9 349.9 6.491 3.295 4.510 1056.0
34.0 0.01.170 7930.0 13.0 105.5 359.0 6.767 3.316 4.687 1054.0

36.0 0.01.227 7820.0 12.6 111.3 368.3 7.031 3.334 4.659 1052.0
36.0 0.01.285 7720.0 12.3 117.2 377.7 7.265 3.351 4.727 1050.0
1.0.0 0.01.31.3 7610.0 11.9 123.1 367.2 7.529 3.367 4.792 1046.0

1.5.0 0.01.1.93 7380.0 11.1 138.3 411.5 8.102 3.400 4.936 1042.0
50.0 0.01.61.7 7180.0 10.4 154. 436.5 8.629 3.427 5.060 1036.0
55.0 0.01.801. 7020.0 9.67 170.0 462.1 9.116 3.447 5.162 1032.0
60.0 0.01.965 6660.0 9.05 186. 3 488.1 9.569 3.462 5.246 1028.0
65.0 0.05128 6780.0 8.49 202.7 514.5 9.99 3.473 5.312 1025.0
70.0 0.05291. 6710.0 7.97 219.4 541.2 10.39 3.480 5.364 1023.0
75.0 0.051.61 6660.0 7.51 2 36. 1 56 8.1 10.76 3.4 84 5.402 1023.
80.0 0.05630 6630.0 7.08 252.9 595.2 11.11 3.485 5.430 1023.0
90.0 0.05971 662 0.0 6.35 286.7 649.7 11.75 3.482 5.459 1025.0
100.0 0.06313 6660.0 5.73 320.5 70 4.3 12.33 3.474 5.466 1031.0

125.0 0.07169 6910.0 4.59 404.7 840.6 13.54 3.444 5.432 1051.0
15 0.0 0.08020 7250.0 3.82 486.2 975.8 14.53 3.412 5.379 1076.0
175.0 0.08861. 761.0.0 3.27 570.8 1110.0 15.35 3.383 5.331 1104.0
200.0 0.09701 801.0.0 2.86 652.6 1242.0 16.06 3.358 5.291 1133.0
225.0 0.1053 81.60.0 2.54 733.8 1374.0 16.66 3.336 5.260 1163.0
250.0 0.1137 8890.0 2.28 814.5 1505.0 17.24 3.317 5.237 1192.0
275.0 0.1219 9330.0 2.08 894.8 1636.0 17.73 3.301 5.219 1222.0
300.0 0.13 2 9770.0 1.91 974.8 1766.0 18.19 3.288 5. 205 1252.0
350.0 0.11.68 10700.0 1.64 1134.0 2026.0 18.99 3.266 5.187 1310.0
1)00.0 0.1633 11600.0 1.44 1292. 2285.0 19.68 3.249 5.177 1367.0

1.5 0.0 0.1799 12500.0 1.28 1450. 2544.0 20.29 3.236 5.171 1422.0
500.0 0.1965 131.00.0 1.15 1608. 2602.0 20.83 3.226 5.168 1476.0
600.0 0.2297 15300.0 0.966 1923. 3319.0 21.78 3.211 5.166 1580.0
700.0 0.2630 17200.0 0.631 2237. 3836.0 22.57 3.201 5.167 1679.0
600.0 0.2961. 19200.0 0.729 2550. 4352.0 23.26 3.193 5.168 1773.0
900.0 0.3298 21100.0 0.649 2864.0 4869.0 23.67 3.187 5.169 1863.0

100C.O 0.3633 23100.0 0.586 3178.0 5386.0 24.42 3.163 5.171 1949.0
1100.0 0.3968 25000.0 0.533 3491.0 5903.0 24.91 3.179 5.172 2031.0
1200.0 0.1.301. 27000.0 0.489 3804.0 6421.0 25.36 3.176 5.174 2111.0
1300.0 0.1.61.0 29000.0 0.452 4117. 693 6.0 25.77 3.174 5.175 2188.0

11.00.0 0.1.976 31000.0 0.420 4431. 7456.0 26.16 3.172 5.176 2262.0
1500.0 0.5312 32900.0 0.393 4744. 7973.0 26.51 3.170 5.177 2335.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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60C.O ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY VCDH/OV)
p

VIOP/DU] -V (01

DEG.K G/CC
•• « 100

J/G ATM-CC/J Al

11.0 27.97 433.0 24.9 2610 .0

12.0 27.81 438.1 25.0 2580.0
13.0 27.63 461.0 24.0 2540.0
14.0 27.45 488.0 22.7 2520.0
15.0 27.27 513.0 21.6 2490.0
16.0 27.09 528.0 21.0 2460 .0

17.0 26.91 542.0 20.5 2420.0
18.0 26.73 554.0 20.0 2390.0
19.0 26.56 565.0 19.7 2350 .0

20.0 26.38 575.0 19.3 2320.0

21.0 26.20 585.0 19.0 2290.0
22.0 26.02 593.0 18.7 2260.0
23.0 25.85 601.0 18.5 2220 .0

24.0 25.67 609.0 18.3 2190 .0

25.0 25.50 616.0 18.0 2160 .0

26.0 25.33 623.0 17.8 2130 .0

28.0 24.98 637.0 17.4 2070 .0

30.0 24.65 649.0 17.0 2010 .0

32.0 24.31 661.0 16.7 1960 .0

3 4.0 23.98 673.0 16.3 1900 .0

36.0 23.65 684.0 16.0 1850 .0

38.0 23.34 695.0 15.7 ISjO.O
40.0 23.02 705.0 15.4 1750.0

45.0 22.26 731.0 14.7 1640 .0

50.0 21.52 755.0 14.0 1550 .0

55.0 20.81 779.0 13.5 1460.0
60.0 20.14 804.0 13.0 1390 .0

65.0 19.50 828.0 12.5 1320.0
70.0 18.89 852.0 12.1 1270 .0

75.0 18.31 877.0 11.8 1220.0
80.0 17.75 902.0 11.4 1160 .0

90.0 16.75 954.0 10.9 1110 .0

100.0 15.84 1010.0 10.4 1060.0

125.0 13.95 1140.0 9.56 964.0
150.0 12.47 1270.0 8.98 904.0
175.0 11.28 1410.0 3.56 862.0
200.0 10.31 1540.0 8.25 829.0
225.0 9.492 1670.0 8.01 803.0
250.0 8.799 1790.0 7.83 782.0
275.0 8.201 1920.0 7.67 765.0
300.0 7.679 2050.0 7.55 750.0
350.0 6.814 2300.0 7.36 726.0
400. 6.123 2550.0 7.22 709.0

450.0 5.560 2810.0 7.11 695.0
500.0 5.090 3060.0 7.03 684.0
600.0 4.354 3570.0 6.91 667.0
700.0 3.802 4070.0 6.83 655.0
800.0 3.374 4580.0 6.77 647.0
900.0 3.032 5100.0 6.72 640 .0

1000.0 2.753 5610.0 6.68 635.0
110 0.0 2.520 6120.0 6.65 631.0
120 0.0 2.324 6630.0 6.63 627.0
1300.0 2.155 7150.0 6.61 625.0

140 0.0 2.010 7660.0 6.59 622.0
150 0.0 1.883 8180.0 6.58 620 .0

(DV/DTI/V THERMAL VISCOSITY THERMAL
P CONDUCTIVITY DIFFUSIVITY

1/OEG.K MH/CM-K G/CM-S SQ-CM/S
»» X 1000000

0.00558
0.00605

. 63 5

0.00648
0.00650
0.00657
0.00662
0.00667
0.00670
0.00673

0.00675
0.00677
0.00678
0.00679
0.0 68
0.00681
0.00682
0.00682
0.00682
0.00682

0.00681
0.00681
0.00679

0.00676
0.00670

. 66 2

0.00653
0.00642
0.00629
0.00616
0.00602
0.00572
0.00543

. 47 7

0.00422
. 37 9

0.00344
0.00316
. 29 2

0.00272
0.00254
0.00225
0.00203

0.00184
0.00169
J.C0145
0.00127
0.00113
0.00101
0.OCO922
0.000845
0.000780
0.000724

0.000676
0.000633

1.59

1.59
1.58

1.33
1.33
1.33

594.0
503.0
436.0
385.0
346.0
314.0
289.0
268.0

251.0
237.0
225.0
215.0
206.0
198.0
186.0
177.0
170.0
164.0

160.0
156.0
153.0

149.0
146.0
145.0
144.0
144.0
145.0
146.0
147.0
149.0
152.0

158.0
166.0
174.0
183.0
191.0
199.0
207.0
215.0
236.0
256.0

275.0

331,,0
367,,0
401.,0
435,
467..0
499,,0
530,,0
561,,0

590,.0
619,,0

0, 00235 1. 10690
0, 219 1. 10625
0. 00201 1, 10555
0. 00187 1. 10 483
0,,00179 1, 10412
0.,00173 1. 10342
0,,00167 1. 10272
0. 00163 1. 10202
0,,00159 1, 10132
0,.00155 1, 10062

0,,00152 1. 09993
0,,00149 1. 09923
0,,00147 1. 09854
0,,00145 1,,09786
0,,00143 1. 09717
0,,00141 1,.09650
0,,00138 1. 09515
0,,00135 1,,09383
0,,00132 1, 09252
0,,00131 1,,09123

0,,00129 1, 08996
0,,00128 1,,08871
0,,00127 1,,08748

0,,00125 1,,08450
0.,00124 1,,08163
0.,00125 1,,07889
0,,00126 1,,07628
0,,00128 1,,07380
0,,00131 1.,07144
0,,00134 1,.06920
,00138 1,,06709

0,,00147 1,,06319
.00157 1,,05970

0,,00186 1,,05245
,00219 1,,04681
.00255 1,.04230
,00293 1,,03860
.00332 1,.03552

0,,0037 3 1,,03290
.00416 1 ,03064
.00459 1,,02867

o .00558 1 .02542
.00666 1,,02282

C0782 1 .02071
.00 907 1,.01895
.0118 1 ,01620
• C149 1 ,01414
.0183 1 ,01254
.0220 1 .01126
,0259 1 ,01022
.0302 1 .00936
.0347 1 ,0j862
.0 395 1 .00800

.0446 1 ,00746

.3499 1 .3)698

1.36
1.18
1.07
0.979
0.894
0.824
0.768
0.723
0.686
0.656

0.631
0.610
0.593
0.578
0.566
0.557
0.542
0.533
0.527
0.524

0.524
D.525
0.527

0.535
0.546
0.558
0.568
0.578
0.586
0.593
0.599
0.607
0.611

.606

.606

.607

.608

.610

0.644
0.648
0.651
0.653
0.655
0.656
0.657
0.658

» THO-PHASE BOUNDARY
« NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED 8Y INOICATEO FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUH 4

700.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUMC ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K «« X .01 CC-ATH/G ATM/K J/G J/G J/G-K J/G-K H/S

12.0 0.03x69 101.00. 16. H 57.23 303.3 2.433 2.106 2.486 1115.0
13.0 0.031.90 101.00. 17. 3 58. 97 306.5 2.695 2.336 2.798 1122.0
14.0 0.03512 10300.0 17.6 61.06 310.2 2.970 2.552 3.075 1124.0
15.0 0.03531. 10300. 17.5 63.47 314.1 3.249 2.705 3.269 1125.0
16.0 0.03555 10300. 17.5 65.30 317.5 3.464 2.793 3.409 1125.0
17.0 0.03577 10203. 17.

H

67.23 320.9 3.675 2.877 3.532 1126.0
ie.o 0.03599 ioioo. o 17.3 59.26 324.5 3.880 2.943 3.641 1126.0
19.0 0.03621 10100. 17.2 71.37 328.2 4.079 2.999 3.738 1127.0
20.0 0. 0361.1. 10000. 17.0 73.55 332.0 4.273 3.045 3.623 1127.0
21.0 0.03666 9930. 16. 8 75.81 33 5.9 4.462 3.084 3.900 1128.0

22.0 0.03689 9860.0 16.6 78. 12 339.8 4.645 3.118 3.970 1128.0
23.0 0.03712 9800. 16.5 80.49 343.8 4.823 3.147 4.034 1128.0
24.0 0.03736 971.0. 16. 3 82.91 347.9 4.996 3.172 4.C93 1128.0
25.0 0.03759 9680. 16.1 85.37 35 2.3 5.164 3.194 4.147 1128.0
26.0 0.03782 9620.0 15.9 87.87 356.2 5.328 3.214 4.199 1128.0
28.0 0.03330 9503.0 15. H 93. 364.7 5.642 3.248 4.293 1128.0
30.0 0.03878 9380. 15.0 98.28 373.3 5.941 3.278 4.380 1127.0
32.0 0.03926 9260. 14. 6 103.7 282.2 6.227 3.304 4.460 1125.0
3lt..O 0.03975 9150.0 14. 2 109.2 391.2 6.499 3.327 4.534 1124.0
36.0 0.01.025 901.0. 13.9 114.8 400.3 6.760 3.348 4.604 1122.0

38.0 0.01.075 8930.0 13.5 120.6 409.6 7.011 3.367 4.670 1120.0
40. 0.01.125 8820. 13.1 126.4 419.0 7.252 3.385 4.733 1118.0

".5.0 0.01.253 8570.0 12.3 141. 3 443.0 7.818 3.424 4.874 1112.0
50.0 0.01.381. 8350. 11.5 156.7 46 7.7 8.338 3.456 4.996 1106.0
55.0 0.0»518 8160. 10.8 172.5 49 2.9 6.819 3.480 5.100 1100.0
60.0 0.01.651. 7990. 10.1 188.6 518.7 9.267 3.499 5.186 1095.0
65.0. 0.01.792 7860.0 9.52 204.9 544.6 9.685 3.513 5. 258 1091.0
70.0 0.01.932 7750.0 8.97 221.4 571.2 10.08 3.52? 5.315 1088.0
75.0 0.05071. 7660. 8.1.7 238.0 597.9 10.45 3.528 5.361 1086.0
SO.O 0.05216 7600. 8. 01 254. 8 624.8 10.79 3.531 5.396 1085.0
90.0 0.05505 7530. 7.21 288.5 679.0 11.43 3.530 5.439 1084.0

100.0 0.05796 7530. 6.51. 322.4 733.5 12.00 3.523 5.458 1087.0

125.0 0.06527 7680. 5.27 406.9 86 9.9 13.22 3.494 5.443 1101.0
150.0 0.07255 7970.0 4.39 490.8 1005.0 14.21 3.459 5.396 1122.0
17 5.0 0.07977 8320. 3.76 573.8 1140.0 15.04 3.427 5.347 1147.0
200.0 0.08691. 8710. 3.29 656. 1 1273.0 15.75 3.398 5.305 1173.0
225.0 0.091.06 9110. 2.93 737.8 1405.0 16.37 3.374 5.271 1201.0
250.0 0.1012 9520. 2.64 818.9 1536.0 16.93 3.352 5.244 1228.0
27 5.0 0.1082 991.0. 2. 40 899.5 1667.0 17.42 3.334 5.224 1256.0
300.0 0.1153 101.00. 2.20 979.8 179 8.0 17.88 3.318 5.208 1284.0
35 0.0 0.1291. 11200. 1.89 1140. 2057.0 16.68 3.293 5.187 1339.0
1.00.0 0.11.35 12100. 1.66 1298. 2316.0 19.37 3.273 5.174 1393.0

".5 0.0 0.1576 13000. 1.48 1457.0 2575.0 19.96 3.258 5.167 1446.0
500.0 0.1718 13900. 1.34 1615.0 2833.0 20.52 3.246 5.163 1499.0
600.0 0.2001 15800. 1.12 1930.0 3349.0 21.47 3.228 5.161 1599.0
700.0 0.2286 17700. 0.964 2244. 3865.0 22.26 3.216 5.162 1696.0
800.0 0.2571 19600. 0.846 2558.0 4382.0 22.95 3.207 5.163 1788.0
9G0.0 0.2856 21500.0 0.754 2872. 4898.0 23.56 3.200 5. 165 1876.0

1000.0 0.311.2 23500.0 0.680 3186.0 5415.0 24.10 3.195 5.167 1961.0
1100.0 0.31.29 25400. 0.619 3500. 5932.0 24.60 3.190 5.169 2042.0
1200.0 0.3716 271.00. 0.569 3813. 6448. 25.0 5 3.187 5.170 2121.0
1300.0 0.1.0 3 29300. 0.526 4127.0 6966.0 25.46 3.184 5.172 2197.0

11.00.0 0.1.290 31300. 0.469 4440. 7483.0 25.84 3.181 5.173 2270.0
1500.0 0.1.5 7 7 33300. 0.456 4754.0 8C00.0 26.20 3.179 5.174 2342.0

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY INOICATEO FACTOR
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700.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY

OEG.K GVCC

12.0 28.83
13.0 28.65
14.0 28.1.7

15.0 28.30
16.0 28.13
17.0 27.95
18.0 27.79
19.0 27.61
20.0 27. 44
21.0 27.27

22.0 27.10
23.0 26.91.

24.0 26.77
25.0 26.60
26.0 26. 44
28.0 26.11
30.0 25.79
32.0 25.1.7
34.0 25.16
36.0 24.85

38.0 24.51.
iiO.O 24. a*

it5.0 23.51
50.0 22.81
55.0 22.li-

60.0 21.1.9

6S.0 20.87
70.0 20.28
75.0 19.71
80.0 19.17
90.0 18.15
100.0 17.25

125.0 15.32
150.0 13. 7B

175.0 12.51.

200.0 11.51
225.0 10.63
250.0 9.885
275.0 9.239
300.0 8.673
350.0 7.727
1.00.0 6.968

1.5 0.0 6.303
500.0 5.821
600.0 4.997
700.0 4.375
800. 3.890
900.0 3.501
1000.0 3.182
1100.0 2.916
1200.0 2.691
130 0.0 2.498

11.0 0.0 2.331
1500.0 2.185

V(OH/OV)
P

J/G

454.0
481.0
515.0
546.0
563.0
578. D

592.0
605.0
617.0
628.0

638.0
647.0
656.0
665.0
674.3
689.0
704.0
719.0
733.0
746.0

800.0
828.0
854.0
880.0
905.0
930.0
955.0
981.0
1030.0
1080.0

1220.0
1350.0
1480.0
1610.0
1740.0
1870.0
2000.0
2130.0
2380.0
2630.0

2880.0
3130.0
3640.
4140.0
4650.0
5160.0
5670.0
6180.0
6700.0
7210.0

V1DP/DU)

ATM-CC/J

27.1
25.8

-VIDP/OV) (OV/DTI/V THERMAL VISCOSITY
T P CONDUCTIVITY

ATM 1/OEG.K MW/CH-K G/CM-S
•• X 1Go0330

11.8
11.2
10.8

7.07
6.94

3000 .0

2970 .0

2950.0
2920 .0

2890.0
2850 .0

2810 .0

2783.0
2740 .0

2710.0

2670 .0

2640.0
2610 .0

2570 .0

2540.0
2480. C

2420.0
2360.0

2020.0
1900 .0

1810.0
1720 .0

1640 .0

1570.0
1510 .0

1460.0
1370.0
1300 .0

1180.0
1100.0
1040 .0

lOuJ .0

968.0
941.0
918.0
899.0
868.0
845.0

826.0
811 .0

789.0
774.0
762.0
753.0
747.0
741.0
736.0
733.0

729.0
727.0

c .00548 1 ,80
0..00582 1 ,81
0..00597 1 ,81
0..00599 1.,8b
0.,00606 1 ,8C

Si,00611 1.,79
.00615 1 .77

G<,00618 1 .76
0..00620 1 ,75

.00622 1 ,73

,00623 1 .72
.00623 1 .70

0. . j 62

3

1 ,69
.00624 1 .67

, 62 3 1 ,66
0.,0062 3 1.,63
0,,00622 1.,61
0.,00620 1.,59
,00619 1.,57

0,,00617 1.,55

0.,00616 1,.53
0..00614 I..52

0.,00609 1..49
0.,0060 3 1..47
,0059 7 1 .45

0.,0058 9 1 .44
0,,00581 1 ,43
.00571 1 ,43

0,,00561 1 .43
0,. 55 1 ,43
.30527 1 .43

0.,u0504 1..45

0., 44 8 1 ,49
c.,00400 1.,54
0.,00361 1 ,60
0.,00 329 1.,66
,00302 1 .72

0.,00280 1,,77
0,,00261 1 .83
0,,00245 1.,88
,00218 2.,01

0..00197 2 .15

0.,00179 2.,28

0.,00165 2 ,42
0..00142 2.,68
0.,00125 2,,95

c.,00111 3.,21

0.,00100 3.,46
0.,000911 3.,7l
0.,000836 3.,95
0.,30u772 4.,18

0.,003717 »'.42

0.,000673 »,.65

c.,000628 4..87

1020.0
817.0
676.0
573.0
497.0
439.3
393.0
357.0
327.0
303.0

283.0
267.0
252.0
24 0.0
230.0
213.0
201.0
191.0
183.0
177.0

173.C
169.0

162.0
158.0
156.0

155.0
157.0
159.0

164.0
171.3
179.

C

197.0
195.0
20 2.0
210.0
217.0
238.0
257.0

277.3
296.0
333.0
36 8.0
402.0
436.0
468.3
5CO.0
531.0
561.0

591.
62 0.

THERMAL
OIFFUSIVITY

SQ-CM/S

3.00251
U. 00226
0.00207
0.30195
0.0:i87
3.00181
0. CO 17 5

U.0C171
3.00166
0.00163

3.00160
0.00157
0.03154
0.00152
0.00149
3.03146
0.00142
0.00140
3.00137
0.C0135

0.0 0134
u.33132

3.00130
3.00129
0.00128
0.03129
0. 00130
0.0ul32
3.30135
0.0C138
0.00145
0.C3154

0.00179
0.00208
0.00239
0.00272
0.003C7
0.00342
J. 00379
3.00417
0.005C2
0.00595

0.CC696
O.CG8G4
0.C104
0.0131
3.0160
0.0191
0.0225
0.0262
0.0301
3.0342

u.03 85

0.C431

1.11027
1.13 958
1.10388
1.13818
1.13751
1.10684
1.13616
1.13549
1.10482
1.1C415

1.13348
1.13282
1.10216
1.13151
1.13386
1.39957
1.09830
1.09705
1.09582
1.0 9461

1.09342
1. •39224

1.08939
1.38665
1.08402
1.38151
1.07910
1.07680
1.07461
1.07252
1.06864
1.D6512

1.05770
1.05182
1.C4707
1.04314
1.03983
1.03700
l.?3456
1.03242
1.02886
1.02600

1.^2365
1.32169
1.01860
1.01628
1.01446
1.01301
1.01182
1.01083
1.00999
1.00927

0.943
0.867
0.807
0.757
0.717
0.683

0.655
0.632
0.612
0.596
0.582
0.561
0.547
0.537
0.531
0.528

0.557
0.565
0.573
0.580
0.586
0.594
0.600

0.598
0.599
0.598
0.597
0.597
0.598
0.599
0.601
0.612
0.621

0.627
0.632
0.640
0.645
0.648
0.651
0.653
0.655
0.656
C.657

TWO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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THERMODYNAMIC PROPERTIES OF HELIUM i>

800.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K " X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

13.0 0.03382 11500.0 18.2 64.64 338.8 2.501 2.231 2.664 1179.0
14.0 0.03403 11500. 18.7 66.54 34 2.4 2.769 2.485 2.985 1183.

C

15.0 0.03i>23 11500.0 18.7 68.82 346.3 3.045 2.668 3.209 1185.0
16.0 0.03iti(2 11400. 18.7 70.55 349.6 3.257 2.766 3.355 1165.0
17.0 0.031(62 11400. 18.7 72.38 353.0 3.465 2.849 3.483 1186.0
ie.o 0.031(82 11300. 18.6 74.31 356.6 3.667 2.920 3.596 1186.0
19.0 0.03502 11200.0 18.4 76.33 36 0.2 3.864 2.979 3.696 1187.0
20. 0.03522 11100.0 18.3 78.43 36 3.9 4.056 3.0 29 3.785 1187.0
21.0 0.0351.3 11100. 18.1 80.60 367.8 4.243 3.072 3.864 1188.0
22.0 0.03563 11000.0 17.9 82.83 371.7 4.424 3.108 3.936 1188.0

23.0 0.03581. 10903.0 17.7 85.11 37 5.6 4.601 3.139 4.001 1169.0
24.0 0.03605 10900.0 17.5 87.45 379.7 4.772 3.167 4.061 1189.0
25.0 0.03626 10800. 17.3 89. 84 383. a 4.939 3.191 4.116 1189.0
26.0 0.0361.7 10800. 17.1 92.27 387.9 5.101 3.213 4.168 11B9.0
20.0 0.03690 10600. 16.7 97.25 396.3 5.414 3.251 4.262 1189.0
30.0 0.03732 10500. 16.3 102.4 404.9 5.711 3.2 84 4.348 1189.0
32.0 0.03776 10400. 15.8 107.7 413.7 5.994 3.312 4.427 1188.0
3<t.O 0.03819 10300.0 15.4 113.1 422.6 6.265 3.338 4.500 1187.

C

36.0 0.03863 10200.0 15.0 118.6 431.7 6.524 3.362 4.568 1185.0
38.0 0.03907 10100. 14.6 124.2 44 0.9 6.773 3.384 4.633 1183.0

1.0.0 0.03952 10000. 14.3 129.9 45 0.2 7.012 3.404 4.694 1181.0

45.0 0.0i(06i( 9730.0 13.4 144.6 474.1 7.573 3.447 4.631 1175.0
so.o 0.01.179 9490. 12.5 159.8 498.5 8.068 3.483 4.951 1169.

C

55.0 0.01.295 9280. 11. 8 175.4 523.5 8.565 3.512 5.053 1163.0
60.0 0.01(1(13 9090. 11.1 191.3 549.0 9.008 3.534 5.140 1158.0
65.0 0.01(533 8930.0 10.5 207.5 574.9 9.423 3.550 5.213 1153.0
70.0 0.0i(65i( 8790. 9.90 223.9 601.1 9.811 3.562 5.274 1148.0
75.0 0.01.776 8680. 9.37 240.5 627.6 10.18 3.570 5. 323 1145.0
80.0 0. 01.900 8590. 8.88 257. 1 654.4 10.52 3.575 5.363 1142.0
90.0 0.05150 8460. 8.02 290.8 708.3 11.16 3.576 5.417 1140.0
100.0 0.05403 8400. 7.30 324.7 762.6 11.73 3.571 5.445 1139.0

125.0 0.06039 8460. 5.91 409.4 898.9 12.95 3.542 5.448 1149.0
150.0 0. 06674 8690.0 4.94 493. 7 1035.0 13.94 3.506 5.409 1166.0
175.0 0.07305 9010.0 4.24 577.2 1169.0 14.77 3.471 5.361 1167.0
200.0 0.07931 9360. 3.72 659.9 1303.0 15.48 3.439 5.318 1211.0
225.0 0.08553 9740. 3.31 741.9 1435.0 16.10 3.411 5.282 1236.0
25 0.0 0.09172 10100.0 2.98 823.4 1567.

C

16.66 3.388 5.253 1262.0
275.0 0.09789 10500.0 2.71 904.4 1698.0 17.16 3.367 5.230 1288.0
300.0 0.101(0 11000. 2.49 985.0 1828.0 17.61 3.349 5.212 1314.0
350.0 0.1163 118O0. 2.14 1145. 2088.0 16.41 3.320 5.187 1367.0
400.0 0.1286 12700. 1.88 13 05.0 2347.0 19.10 3.298 5.172 1416.0

45 0.0 0.1409 13500. 1.68 1463. 2606.0 19.71 3.280 5.164 1470.0
500.0 0.1532 14400. 1.52 1622.0 2864.0 20.26 3.266 5.159 1520.0
600.0 0.1779 16300.0 1.27 1937.0 3379.0 21.20 3.246 5.156 1618.0
700.0 0.2027 16100. 1.09 2252. 3895.0 21.99 3.231 5.157 1712.0
800.0 0.2275 20000.0 0.961 2566. 4411.0 22.68 3.221 5.159 1802.0
900.0 0.2524 21900. 0.857 2881. 4927.0 23.29 3.213 5.161 1889.0

1000.0 0.2774 23800. 0.774 3195. 5443.0 23.83 3.206 5.163 1972.0
1100.0 0.3024 25800.0 0.705 3508. 5959.0 24.32 3.201 5.165 2052.

C

1200.0 0.3274 27700. 0.647 3822.0 6476.0 24.77 3.197 5. 167 2130.

C

1300.0 0.3524 29700. 0.598 4136. 6993.0 25.19 3.194 5.169 22C5.C

11.00.0 0.3775 31600.0 0.556 4450. 7510.0 25.57 3.191 5. 170 2273.0
1500.0 0.4026 33600. 0.520 4763.0 8027.0 25.93 3.188 5.171 2349.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUHN IAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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800.0 ATMOSPHERE ISOBAR
THERMOPHYSICAL PROPERTIES OF HELIUM

TEMPERATURE DENSITY VCDP/DUI

ATM-CC/J

-VIOP/OV),. COV/DTI/V
T P

ATM 1/OEG.K

THERMAL VISCOSITY THERMAL
CONDUCTIVITY OIFFUSIVITY

MH/CM-K G/CM-S SQ-CM/S
•• X 1000000

13..0 29 .57

14 .0 29 .39
15,.0 29 .21

16 .0 29 .05

17,,g 29 .89

ia,,0 28 .72

19,•0 28 .56

20 ,0 28,.33
21..0 28 .23

zz,.0 28 .06

23,.1 27 .90
2". .0 27 .7.

25 .0 27 .58

26 .0 27 .42

28,.0 27..13

30,,0 26 .79
32..0 26 .1.3

3* .0 26 ,18

36,,0 25 .83

36 .0 25 .59

*5,,D 2<>..61

SO .0 23..93

55..0 23..28

60 .0 22 .65

65 .0 22 .06

70 .0 21 .1.9

75..0 20..91.

80 .0 20 .H
90,.0 19 .".2

100..0 16.,51

125.,0 16..56

150..0 1*..98

175.,0 13..69
200.,0 12..61

225..0 11,,69

250..0 10..90
275 .0 10 .22
300..0 9 .611
350 ,0 8..536
.0 .0 7.,775

<>5 0,.0 7 ,096
50 0..0 6 .526
600,,0 5 .620
700..0 t».,93".

800 .0 <t..335

90 0..0 3 .951

1000 .0 3 .605
1100 .0 3 .307

120 .0 3 .055
130 0,.0 2..837

1*0 .0 2 .61.9

150 0..0 2,,*8*

-98.0
539.0
577.0
595.0
612.0
627.0
61.1.0

651..

666.0
678.0

669.0
699.0
709.0
718.0
737.0
751..

771.0
787.0
802.0
817.0

831.0

865.0
896.0
926.0
951..

980.0
1010.0
1030.
1060.0
1110.0
1160.0

1290.0
11.30.0
1560.0
1690.0
1820.0
1950.
2080.
2200.0
21.60.0

2710.

E

2960.0
3210.

C

3710.
1.210.0
1.720.0
5230.0
5740. 11

6250.0
6760.0
7270.0

7780.0
8290.0

23.3
22.7

31.00 .0

3380 .0

3370.0
3320 .0

3280.0
32*0.0
32C0 .0

3160.0
3130.0
3090.0

3050 .0

3020.0
2990.0
2 950 .0

2890.0
2820 .0

2760 .0

2700.0
261.0.0
2580.0

2530.0

.5.,8 2390 ,.0

.5.,1 2270 .0

.1*. 1. 2160.,0

.3.,9 2060 ,0

.3,,4 1970 .0

.2,.9 1890 .0

12,.5 1820 ,c

.2,.2 1750 ,0

.1,.6 161.0 ,0

.1,.0 1560 .0

.0,,1 11.00,.0

9,,1.1 1300 .0

8,,93 1230,,0
8,,57 1180 ,0

8.,29 111.0 ,0

8..06 1110 .0

7,.88 1080 ,0

7,,71. 1050 ,0

7,,51 1010 ,0

7.,34 985 .0

7,,21 961,,0
7,,11 91.2.,0

6,,97 914 ,0

6,,86 8 91..,0

6,,79 8 79 ,0

6,,71. 868 .0

6,.69 859 ,0

6..66 852 .0

6,.63 81.6 .0

6,,60 842 ,0

6,,58 837 ,0

6.,57 831. ,0

CO 53 5

0.00553
0.00556
0.0 561.

0.00569
0.0 571.

0.00577
0.00579
0.00580
0.00581

0.UU581
0.00581
0.00581
0.00580
0.00578
0.00576
O.J 571.

0.00572
0.00569
0.00567

. 56 5

0.00559
0.00552
O.OOSi.6
0.00539
0.00532
0.00521.
0.00516
0.00507
0.001.88
0.0 01.6 9

0.0 01.2 2

G . 37 9
0.003**
0.00315
0.00290

. 26 9

0.00252
0.00236
0.00211
0.00191

0.00175
0.00161
0.00139
0.00122
0.00109
0.000987
0.000900
0.000827
0.000765
0.000711

0.000661.
0.000623

2.0u 1110.,0

896,,0
74I.,,0

631.,,0

551,.0
1.87,.0

1.36,,0

396,,0

363,,0

336,,0

1.7".

1.72
1.69

313.0
29"..

278.0
265.0
21.3.0

226.0
211..

C

201..

196.0
189.0

18"..

175.0
170.0
166.0
161..

163.0
163.0
163.0
163.0
16*.
166.0

170.0
177.0
18*.
191.0
198.0
205.0
212.0
219.0
239.0
259.0

278.0
297.0

*69.
501.
532.
562.

0. 25

3

0.00227
0.00212
0.00203
0.OC195
0.00168
0.00183
0.0C178
0.00173
0.00169

0.00166
0.00163
0.00160
0.00158
0.00153
0.00150
0.001*6
0.001**
0.001*1
0.00139

0.00135
0.0U133
0.00132
0.00132
0.00133
0.00135
J. 03137
0.00139
0.001*5
0.00152

0.0017*
0.00200
0.00228
0.00257
0.00288
0.00219
3.00352
0.0 3 385
0.00*60
0.005*3

0.00631
0.00726
0.00935
0.0117
3.01*2
0.0170
0.0200
0.C2 32

0.0266
0.03C2

1.11321
1.11250
1.11180
1.11115
1.11050
1.10985
1.10920
1.13855
1.10791
1.10726

1.10662
1.10598
1.13535
1.13*72
1.133*8
1.10225
1.1010*
1.09986
1.09869
1.0975*

1.096*1

1.09367
1.09103
1.08853
1.08607
1.0837*
1.08150
1.07936
1.07731
1.073*8
1.06997

1.062*6
1.056*2
1.051*7
1.0*735
1.0*386
1.0*086
1.03826
1.03597
1.03213
1.32903

1.026*8
1.02*3*
1.0209*
1.01837
1.01635
1.01*73
1.313*0
1.01229
1.01135
1.3105*

1.20
1.06
0.980
0.901
0.837
0.7 85
0.7*2
0.706

0.676
0.651
0.630
0.612
C.585
0.565
0.551
0.5*1
0.535
0.531

0.529

0.S29
0.5 3*
0.5*0
0.5*8
0.556
0.563
0.569
0.575
0.58*
0.590

0.589
0.590
0.589
0.5 89
0.569
0.590
0.591
0.5 93
0.605
0.61*

0.621
0.627
0.6 36
0.6*1
0.6*6
0.6*9
0.651
0.653
0.65*
0.656

HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



THERMODYNAMIC PROPERTIES OF HELIUM 4

900.0 ATMOSPHERE ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K »» X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

14.0 0. 03309 12600.0 19.6 72. 03 37 3.8 2.587 2.415 2.687 1238.0
15.0 0.0 3 329 12700.0 19.7 74.17 377.8 2.862 2.630 3.147 1241.0
16.0 0.03346 12600. 19.8 75.60 381.0 3.070 2.734 3.299 1241.0
17.0 0.03364 12500. 19.8 77.55 384.3 3.274 2.822 3.434 1241.0
ie.o 0.03362 12400. 19.7 79.39 387.8 3.474 2.897 3.553 1242.0
19.0 0.03401 12300.0 19.6 81.33 391.4 3.669 2.960 3.657 1242.0
20.0 0.03419 12300. 19.5 83.35 395.1 3.859 3.014 3.750 1243.0
21. 0.03436 12200.0 19.3 85.43 398.9 4.044 3.060 3.833 1243.0
22.0 0.03457 1210D. 19.2 87.59 402.8 4.224 3.099 3.907 1244.0
23.0 0.03476 12100. 19.0 89.80 406.8 4.399 3.133 3.974 1244.0

2<i.O 0.03495 12000. 18.8 92. 06 410.8 4.569 3.163 4.036 1245.0
25.0 0.03514 11900. 18.6 94. 38 414.8 4.735 3.190 4.093 1245.0
26.0 0.03533 11900. 18.3 96.74 418.9 4.897 3.214 4.145 1245.0
26.0 0.03572 11803. 17.9 101.6 427.3 5.208 3.255 4.241 1246.0
30.0 0.03611 11600.0 17.4 106.6 435.9 5.503 3.291 4.327 1245.0
32.0 0.03650 11500. 17.0 111.8 444.6 5.785 3.322 4.405 1245.0
34.0 0.03689 11400.0 16.6 117.1 453.5 6.054 3.350 4.478 1244.0
36.0 0.03729 11300. 16.2 122.5 46 2.5 6.312 3.376 4.545 1242.0
36.0 0.03769 11200. 15.7 128.0 471.7 6.560 3.400 4.609 1241.0
1.0.0 0.03809 11100. 15.3 133.6 481.0 6.798 3.422 4.668 1239.0

1.5.0 0.03910 10800. 14.4 148.1 504.7 7.355 3.470 4.803 1233.0
50.0 0.04012 10600.0 13.5 163.1 529.0 7.868 3.510 4.919 1227.0
55.0 0.04115 10400.0 12.8 178.6 553.8 8.341 3.542 5.019 1221.0
60.0 0.04220 10200.0 12.0 194.3 579.1 8.782 3.567 5.106 1215.0
65.0 0.04325 10000. 11.4 210.4 604.9 9.193 3.586 5.179 1209.0
70.0 0.04432 9843. 10.8 226.7 630.9 9.580 3.600 5.241 1204.0
75.0 0.04540 97 0.0 10.2 243.2 65 7.2 9.943 3.610 5.292 1200.0
60.0 0.04649 9580.0 9.69 259.8 683.8 10.29 3.617 5.334 1196.0
90.0 0.04869 9400. 8.78 293.4 737.5 10.92 3.621 5.395 1191.0
100.0 0.05092 9300. 8.01 327.3 791.6 11.49 3.617 5.430 1189.0

125.0 0.05653 9260. 6.52 412.2 927.8 12.70 3.588 5.449 1193.0
150.0 0.06216 9420. 5.47 496.8 1064.0 13.69 3.551 5.418 1207.0
175.0 0.06775 9690.0 4.71 580.7 1199.0 14.53 3.513 5.374 1225.0
200.0 0.07330 10000.0 4.13 663.9 1332.0 15.2 4 3.479 5.330 1247.0
225.0 0.07882 10400.0 3.67 746.3 1465.0 15.87 3.449 5.292 1270.0
250.0 0.08431 10700.0 3.31 828.2 1597.0 16.42 3.423 5.261 1294.0
275.0 0.08978 11100. 3.02 909.5 1728.0 16.92 3.400 5.236 1318.0
300.0 0.09523 11500.0 2.77 990.4 1859.0 17.38 3.380 5.216 1343.0
350.0 0.1061 12400. 2.39 1151.0 2119.0 18.18 3.348 5.188 1393.0
1.00.0 0.1170 13200. 2.10 1311.0 2378.0 16.87 3.322 5.171 1442.0

1.5 0.0 0.1279 14100.0 1.87 1470.0 2636.0 19.4* 3.303 5.161 1492.0
500.0 0.1388 14900. 1.69 1629. 2894.0 20.02 3.287 5.155 1540.0
600.0 0.1606 16700.0 1.42 1945. 3409.0 20.96 3.263 5.151 1636.0
700.0 0.1S25 1S600. 1.22 2260. 3924.0 21.76 3.247 5.152 1727.0
800. 0.2045 20400.0 1.08 2575.0 444 0.0 22.44 3.234 5.154 1816.0
900.0 0.2266 22300. 0.959 2 8 89. 4955.0 23.05 3.225 5.157 1901.0

1000.0 0.2487 24200. 0.866 3203.0 5471.0 23.59 3.218 5.159 1983.0
1100.0 0.2708 26100.0 0.789 3517.0 5987. 24.09 3.212 5.162 2062.0
1200.0 0.2930 28000.0 0.725 3831.0 6503.0 24.54 3.207 5.164 2139.

C

1300.0 0.3152 30000.0 0.671 4145. 7020.0 24.95 3.204 5.166 2213.0

11.00.0 0.3374 31900.0 0.624 4459.0 7536.0 25.33 3.200 5.167 2265.0
1500.0 0.3597 33900. 0.583 4773.0 8053.0 25.69 3.197 5.169 2355.0

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN IULTIPLIEC 9Y THE INDICATED FACTOR
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THERNOPHYSICAL PROPERTIES OF HELIUM k

900.0 ATMOSPHERE ISOBAR

TEMPERATURE DENSITY V1DM/0V1 VIOP/DU) -V IOP/DVI (OV/OTj/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDT
P v T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DECK G/CC
••X 10

J/6 ATM-CC/J ATM 1/OEG.K MH/CM-K G/CM-S
X 1000000

SQ-CM/S

lk.O 30.22 563.0 26.9 3620.0 0.00513 2.18 1180.0 0.00250 1.11578 1.56
15.0 30.01. 608.0 25.0 3820 .0 0.00517 2.16 955.0 0.00229 1.11507 1.39
16.0 29.88 627.0 21.. 3 3760 .0 0.00526 2.15 802.0 0.00218 l.llkk5 1.23
17.0 29.72 6kk.O 23.6 3710.0 0.00533 2.13 686.0 0.00209 1.11382 1.10
19.0 29.57 660.0 23.1 3670 .0 0.00538 2.11 599.0 0.00201 1.11320 1.01
19.0 29.1.1 675.0 22.6 3630.0 0.005..2 2.09 530.0 0.00195 1.11257 0.926
20.0 29.25 689.0 22.1 3580.0 0.0051.1. 2.07 1.75.0 0.00189 1.11193 0.861
21.0 29.09 702.0 21.7 351.0 .0 0.C05k6 2.05 1.32.0 0.0018k 1.11131 0.807
22.0 28.93 7 lk.O 21.1. 3510.0 0.0051.7 2.03 396.0 0.00179 1.11068 0.763
23.0 28.77 726.0 21.0 31.70.0 0. 51.7 2.01 366.0 0.00175 1.11005 0.726

2k. 28.61 738.0 20.7 3430.0 0.005K7 1.98 31.1.0 D. 00172 1.109k3 0.69k
25.0 28.1.6 71.9.0 20. k 33 90.0 0.0051.7 1.96 321.0 0.00169 1.10882 0.668
26.0 28.30 759.0 20.2 3360.0 0.0051.6 1.9i. 303.0 0.00166 1.10821 0.6k6
28.0 28.00 780.0 19.6 3290 .0 0.0051.1. 1.91 275.0 0.00161 1.10700 0.611
30.0 27.69 800.0 19.1 3220.0 0.0 51.1 1.87 251.. 0.00156 1.10580 0.586
32.0 27.1.0 818.0 18.7 3160.0 0.00538 1.81. 237.0 0.00153 1.10k63 0.567
3k. 27.10 837.0 18.3 31C0.0 0.00535 1.82 225.0 0.00150 1.103k8 0.55k
36.0 26.82 851.. 17.8 3030.0 0.00532 1.79 215.0 0.001k7 1.10235 0.5k5
38.0 26.53 871.0 17.1. 2970 .0 0.00529 1.77 207.0 0.001k5 1.10123 0.538
1.0.0 26.26 887.0 17.1 2920 .0 0.00526 1.75 200.0 0.0JH.3 1.1001k 0.53k

1.5.0 25.58 925.0 16.2 2760.0 J. 51

9

1.71 189.0 0.00139 1.097k8 0.530
50.0 21.. 93 961.0 15.5 261.0.0 0.00512 1.68 181.0 0.00137 1.09k93 0.532
55.0 21.. 30 993.0 111. 8 2520.0 0.00505 1.66 177.0 0.00136 1.092k8 0.536
60.0 23.70 1020.0 11..

2

21.10.0 0.001.99 1.61. 17k. 0.G0135 1.09012 0.5k2
65.0 23.12 1050.0 13.7 2310 .0 0.001.92 1.63 17 2.0 0.00136 1.08786 0.5k9
70. 22.56 1080.0 13.2 2220.0 0.001.85 1.62 171.0 0.00137 1.08569 0.555
75.0 22.03 1110.0 12.8 21i>0 .0 0.001.78 1.61 171.0 0.00138 1.08360 0.561
80.0 21.51 1130.0 12.5 2060 .0 0.001.70 1.61 171.0 C.OOlkO 1.08159 0.566
90.0 20.51. 1190.0 11.8 1930.0 . 1.5 5 1.61 172.0 0.001k5 1.07782 0.575
100.0 19.6% 121.0.0 11.3 1830 .0 0.001.39 1.62 173.0 C. 00152 1.07k3k 0.580

125.0 17.69 1370.0 10.3 161.0 .0 . 39 8 1.65 176.0 0.00171 1.06681 0.581
150.0 16.09 15CO.0 9.58 1520.0 0.00361 1.69 182.0 0.0019k 1.06065 0.562
175.0 Ik. 75 1630.0 9.07 11.30.0 0.00329 1.71. 188.0 0.00219 1.05556 0.581
200.0 13.6<t 1760.0 8.69 1370.0 0.00302 1.79 195.0 0.002k6 1.05128 0.581
225.0 12.69 1900.0 8.1.0 1320.0 0.00279 1.83 201.0 0.00273 l.C»76k 0.581
250.0 11.86 2020.0 8.16 1270 .0 . 26 1.88 208.0 0.00302 1.0kk50 0.582
275.0 11.11. 2150.0 7.97 121.0 .0 0.0021.3 1.93 215.0 0.0C331 1.0kl75 0.5 83

300.0 10.50 2280.0 7.81 1210.0 0.00229 1.97 221.0 . 36 1.0393k 0.585
350.0 9.1.21. 2530.0 7.56 1160.0 0.00205 2.09 21.1.0 O.OC-k2 8 1.C3526 0.598
1.0 0.0 8.51.8 2780.0 7.38 1130.0 0.00186 2.22 261.0 0.00502 1.03195 0.6C8

450.0 7.821 3030.0 7.25 1100.0 0.00170 2.35 280.0 0.0C581 1.02921 0.616
50 0.0 7.207 3280.0 7.11. 10 80 .0 0.00157 2.1.8 299.0 0.0C666 1.02690 0.622
600.0 6.227 3780.0 6.98 101.0.0 0.00136 2.73 335.0 0.00852 1.02321 0.631
700.0 5.1.79 1.280.0 6.88 1020 .0 0.00120 2.99 370.0 0.0106 l.C20kl 0.638
80 0.0 k.S90 1.790.0 6.80 1000.0 0.00108 3.21. k05.0 0.0129 1.01820 0.6k3
900.0 k.klk 5290.0 6.71. 981.. 0.00097k 3.1.9 k38.0 0.0153 1.016k2 0.6k6
1000. k.021 5800.0 6.69 973.0 0.000890 3.71. k70.0 0.0160 1.01k95 0.6k9
1100.0 3.693 6310.0 6.65 965.0 0.000818 3.98 502.0 „.02L9 1.01373 0.651
1200.0 3.1.13 6820.0 6.62 957.0 0.000757 k.21 532.0 0.0 2 39 1.01268 0.653
1300.0 3.173 7330.0 6.60 951.0 0.000705 k.kk 563.0 0.0271 1.01179 0.65k

11.00.0 2.961. 781.0.0 6.57 91.6.0 0.000659 k.67 592.0 0.G3G5 1.01101 0.655
1500.0 2.780 8350.0 6.56 91.2.0 0.000619 ».89 621.0 0.03kC 1.01033 0.656

THO-PHASE BOUNDARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY NDICATEO FACTOR
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1000 ATHOSPHERE ISOBAR
THERMODYNAMIC PROPERTIES OF HELIUH It

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
CC/G DERIVATIVE DERIVATIVE ENERGY OF SOUNO

DEG. K •• X .01 CC-ATM/G ATM/K J/G J/G J/G-K J/G-K M/S

15. D 0.03246 13900.0 20.6 79.50 40 8.6 2.696 2.591 3.079 1293.0
16. 0.03264 13800.0 20.7 81.05 411.7 2.900 2.700 3.239 1293.0
17.0 0.032SO 1360 0.C 20.8 82.72 415.0 3.100 2.794 3.381 1293.0
18.0 0.03296 13500.0 20.8 84.48 418.5 3.29 7 2.974 3.507 1293.0
19.0 0.O3313 13400.0 20.7 86.34 42 2.3 3.490 2.941 3.617 1294.0
20.0 0.03330 13300.0 20.6 88.28 42 5.7 3.676 2.999 3.715 1294.0
21.11 0.03347 13300.0 20.5 90.30 42 9.5 3.861 3.048 3.802 1295.0
22.0 0.03365 13200.0 20.3 92.38 433.3 4.040 3.091 3.880 1295.0
23.0 0.03382 1310 0.0 20.1 94.52 43 7.2 4.214 3.128 3.950 1296.0
24.0 0.03400 13100.0 19.9 96.72 441.2 4.384 3.160 4.014 1296.0

25.0 0.03418 13000.0 19.7 98.98 44 5.3 4.549 3.189 4.073 1297.0
26.0 0.03435 12900.0 19.5 101.3 449.4 4.709 3.215 4.127 1297.0
28.0 0.03471 128D0.0 19.0 106.0 45 7.7 5.019 3.260 4.226 1298.0
30.0 0.03507 12700. 18.6 110.9 466.3 5.314 3.298 4.313 1298.0
32.0 0.03543 12600.0 16.1 116.0 47 5.0 5.594 3.332 4.392 1297.0
34.0 0.03579 12500.0 17.7 121.2 483.8 5,863 3.363 4.464 1296.0
36.0 0.03615 12400.0 17.2 126.5 49 2.8 6.120 3.391 4.532 1295.0
39.0 0.03652 1230O.0 16.8 131.9 501.9 6.36 7 3.417 4.5 94 1294.0
it 0.0 0.03688 12200.0 16.4 137.5 511.2 6.604 3.441 4.653 1292.0

1.5.0 0.03780 11900. 15.4 151.8 53 4.9 7.160 3.493 4.785 1287.0
50.0 0.03872 11700.0 14.5 166.6 55 9.0 7.670 3.536 4.898 1281.0
55.0 0.03966 11500.0 13.7 181.9 593.7 9.141 3.572 4.997 1274.0
60.0 0.04060 11200.0 12.9 197.6 609.9 8.580 3.600 5.081 1268.0
65.0 0.04154 11000.0 12.2 213.6 63 4.5 8.990 3.621 5.153 1262.0
70.0 0.04250 10900.0 11.6 229.8 66 0.5 9.374 3.637 5.215 1257.0
75.0 0.04347 10700.0 11.0 246.2 666.7 9.735 3.649 5.267 1252.0
ao.o 0.04444 10600.0 10.4 262.8 713.1 10.08 3.657 5.310 1247.0
90.0 0.0464O 10400.0 9.50 296.4 766.6 13.71 3.663 5.374 1240.0
100.0 0.04839 10200.0 8.68 333.2 820.5 11.27 3.661 5.415 1236.0

125.0 0.05340 10100.0 7.10 415.3 956.4 12.49 3.634 5.446 1236.0
150.0 0.05844 10100.0 5.98 500.2 1092.0 13.48 3.595 5.424 1245.0
175.0 0.06346 10400.0 5.15 584.5 1229.0 14.31 3.555 5.394 1261.0
200.0 0.06845 10700.0 4.52 668.0 1362.0 15.03 3.519 5.342 1280.0
225.0 0.07340 11000.0 4.03 750.9 1495.0 15.66 3.486 5.303 1301.0
250.0 0.07833 11300.0 3.64 633.1 1627.0 16.21 3.458 5.270 1324.0
275.0 0.09324 11700.0 3.31 914.7 1759.0 16.71 3.433 5.243 1347.0
300.0 0.08813 1210 0.0 3.05 996.0 1989.0 17.17 3.411 5.221 1370.0
350.0 0.09789 12900.0 2.62 1157.0 2149.0 17.97 3.375 5.189 1418.0
ua o.o 0.1076 13700.0 2.31 1317.0 2409.0 18.66 3.347 5.170 1465.0

1.50.0 0.1174 14600.0 2.06 1477.0 2666.0 19.27 3.325 5.158 1513.0
500.0 0.1271 15400.0 1.86 1636.0 2924.0 19.81 3.307 5.151 1560.0
60 0.0 0.1467 17200.0 1.57 1952.0 3439.0 20.75 3.281 5.146 1652.0
700. D 0.1663 19000.0 1.35 2268.0 3953.0 21.55 3.262 5.147 1742.0
800.0 0.1861 20800.0 1.19 2583.0 4468.3 22.23 3.249 5.149 1628.0
900.0 0.2058 2270 0.0 1.06 2898.0 4983.0 22.84 3.238 5.152 1912.0
1000.0 0.2257 24600.0 0.957 3212.0 5499.0 23.38 3.230 5.155 1993.0
1100.0 0.2455 26500.0 0.873 3527.0 6014.0 23.87 3.223 5.158 2071.0
1200.0 0.2654 28400.0 0.802 3841.0 6530.0 24.32 3.218 5.160 2147.0
1300.0 0.2853 30300.0 0.742 4155.0 7946.3 24.74 3.214 5.162 2221.0

1430.il 0.3053 32200.0 0.690 4469.0 7563.3 25.12 3.210 5.164 2292.0
1500.0 0.3253 342C0.0 0.645 4783.0 9079. 25.47 3.236 5.166 2361.0

THO-PHASE BOUNOARY
NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INOICATEO FACTOR



1000 «TH0SPHtRE ISOBAR
THERHOPHYSICAL PROPERTIES OF HELIUM

EHPERATURE DESSITY VfOH)* DVI
P

V(OP/OU)v -V (OP/OV) T (DV/DTI /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONOUCTIVIT Y OIFFUSIVITY CONSTANT NUMBER

DECK G/CC
•• X 10

J/S ATM-CC/J ATM 1/OEG.K MH/CH-K G/CH-S
• X 1000000

SO-CM/S

15.0 30.79 6>>0.0 25. S 4280.0 0.00481 2.35 1220.0 0.00247 1.11806 1.60
16.0 30.61) 659.0 25.1 4210 .0 0.00492 2.33 1000.0 0.00235 1.11746 1.40
17.0 30.1.9 676.0 21. .)) 4160.0 0.00500 2.31 84 9.0 0.00224 1.11686 1.24
18.0 30.3<> 692.0 23.8 4100 .0 0.00507 2.28 730.0 0.00215 1.11625 1.12
19.0 30.18 708.0 23.3 4 50 .0 0.00511 2.26 639.0 u. 00207 1.11564 1.02
20.0 30.03 722.0 22.9 4010 .0 0.00514 2.23 567.0 0.00200 1.11503 0.944
21.0 29.87 736.0 22.5 3960.0 0.00517 2.21 510.0 0.00194 1.11442 0.878
22.0 29.72 7>>9. 22.1 3920.0 0.00518 2.18 464.0 0.00189 1.11381 0.824
23.0 29.57 762.0 21.8 3880. C 0.00519 2.16 426.0 0.00185 1.11320 0.779
2<>.0 29.1>1 77l>. 21.1. 3840.0 0.00519 2.13 394.0 0.00181 1.11259 0.741

25.0 29.25 766.0 21.1 3800.0 0.00518 2.11 367.0 0.00177 1.11199 0.710
26.0 29.11 797.0 20.8 3770.0 0.00518 2.09 345.0 0.00174 1.11139 0.683
28.0 28.81 820.0 20.3 3690.0 0.00515 2.04 310.0 0.00168 1.11021 0.640
30.0 28.52 8i>2.0 19.7 3620.0 0.00512 2.00 283.0 0.00163 1.10905 0.609
32.0 28.23 862.0 19.3 3560.0 0.00509 1.97 263.0 0.00159 1.10790 0.586
34.0 27.91. 883.0 18.8 3490.0 0.00506 1.94 247.0 0.00155 1.10 678 0.569
36.0 27.66 902.0 18.4 3430 .0 0.00502 1.91 235.0 0.00152 1.10567 0.556
38.0 27.39 921.0 17.9 3360.0 0.00499 1.88 225.0 0.00150 1.10459 0.547
•.0.0 27.11 939.0 17.5 3300.0 . 49 5 1.86 217.0 0.C0148 1.10352 0.541

1)5.0 26.1.6 982.0 16.6 3160.0 O.C0467 1.82 202.0 0.00143 1.10093 0.533
50.0 25.82 1020.0 15.9 3020.0 0.00480 1.78 193.0 0.00141 1.09845 0.532
55.0 25.22 1060.0 15.2 2890.0 0.00472 1.75 188.0 0.00139 1.09607 0.5 34
60.0 214.63 1090.0 Ik. 5 2770.0 0.00465 1.73 184.0 0.00139 1.09378 0.539
65.0 21). 07 1120.0 14. 2660.0 . 45 9 1.72 182.0 0.00139 1.09157 0.544
ro.o 23.53 1150.0 13.5 2560.0 0.00452 1.71 180.0 0.00139 1.08946 0.549
75.0 23.01 1180.0 13.1 2460.0 0.00446 1.70 179.0 0.CJ141 1.08742 0.554
80.0 22.50 1210.0 12.7 2380.0 0.00439 1.70 179.0 0.00142 1.08546 0.559
90.0 21.55 1260.0 12.0 2230 .0 0.00426 1.70 179.0 0.00146 1.08175 0.567
100.0 20.67 1310.0 11.5 2110.0 0.00412 1.70 180.0 0.00152 1.07832 0.572

125.0 18.73 1* 1)0.0 10.4 1880.0 0.00377 1.73 182.0 0.00169 1.07080 0.573
150.0 17.11 1570.0 9.72 17 40.0 0.00344 1.76 187.0 0.00190 1.06458 0.575
175.0 15.75 1710.0 9.20 1630 .0 0.00315 1.80 192.0 0.00213 1.05938 0.574
200.0 14.61 181)0.0 8.80 1560 .0 0.00291 1.85 198.0 0.00237 1.05498 0.573
225.0 13.62 1970.0 8.49 1500.0 0.00269 1.89 205.0 0.00262 1.05121 0.573
250.0 12.77 2100.0 8.24 1450 .0 . 25 1 1.93 211.0 0.00287 1.04794 0.574
275.0 12.01 2230.0 8.04 1410.0 0.00235 1.98 217.0 0.00314 1.04508 0.575
300.0 11.35 2350.0 7.87 1370.0 . 22 2 2.02 223.0 0.00341 1.04255 0.577
350.0 10.22 2610. 7.61 1320.0 0.00199 2.13 243.0 0.00402 1.03826 0.591
1.00.0 9.291 2860.0 7.42 1270 .0 0.00181 2.25 262.0 0.00469 1.03476 0.602

i.50.0 8.520 3100.0 7.28 1240.0 . 16 6 2.38 281.0 0.03541 1.03184 0.610
500.0 7.856 3350.0 7.16 1210.0 0.0G154 2.50 300.0 0.GG61S 1.02938 0.617
600.0 6.817 3850.0 7.00 1170 .0 0.00134 2.76 336.0 3.00786 1.02543 0.627
700.0 6.012 1.350.0 6.88 1140.0 0.00118 3.01 371.0 0.00974 1.02241 0.635
800. 5.375 1.850.0 6.80 1120 .0 0.00106 3.26 406.0 a. one 1.02002 0.640
90 0.0 . .858 5360.0 6.74 1100.0 0.000962 3.51 439.0 0.0140 1.01808 0.644

1000.0 4.432 5860.0 6.69 1090 .0 0.000879 3.75 471.0 0.0164 1.01649 0.647
1100.0 l>.073 6370.0 6.65 1060.0 0.000810 3.99 502.0 0.0190 1.01515 0.649
1200.0 3.768 6880.0 6.62 10 70 .0 0.000750 4.22 533.0 0.0217 1.01401 0.651
1300.0 3.505 7390.0 6.59 1060 .0 0.000699 4.45 563.0 0.0246 1.01302 0.653

1*0 0.0 3.276 7900. 6.57 1060.0 0.000654 4.68 593.0 0.0277 1.01217 0.654
1500.0 3.071) 81.10.0 6.55 1050.0 0.000614 4.90 622.0 0.0309 1.01142 0.655

• THO-PMASE BOUNDARY
•» NUMBERS IN THIS COLUMN HAVE BEEN MULTIPLIED BY THE INDICATED FACTOR
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